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A Safe Use, Handling and Storage of Chemicals

n

\TORY SAFETY PRACTICES ~

INTRODUCTION

1 Chemicals in any form can be safely
storzd, nindled, and used if their
hazardous physical and chemical
properties are fully understood and the
necessary preczutions, including the
use of proper safeguards and personal
protective equipment are observed.

2 The management of every unit within a
manufacturing establishment must give

wholehearted support to a well integrated

safety policy.

" General Rules for Laboratory Safety °

1 Supervisory personnel should think
“safe*y. " Their attitude toward fire

and safety standard practices is reflected

in the behavior of their éntire staff.

2 A 'safety program is only as strong as.
the werker's will to do the correct
things at the right time.

3 The fundamental weainess of most
safety programs lies in too much lip
service to safety rules and not enough
action in putting them into practice.

4 Safety practices shoaid be practical and

enforceable.

5 Accident prevention is based on certain

common standards of education, training

of personnel and provision of safeguards
against accidents.

LABORATORY DESIGN AND EQUIPMEN

A Type of Construction

1 Fire-resistant or noncombustible

2 Multiple story buildings should have
* adequate means of exit.

PC.5A.lab. 1, 11,77

3 Stairways enclosed with bricx or
concrete walls

4 Laboratories should have adequate exit
Zoors to permit quick, gafe escape in
an emergency and to protect the
occupants from fires or accidents in
adjoining.rooms. Each room should be
checked to make sure there is no
chance of a person being trapped by
fire, explosions, or release of dangeruus
gases. :

5 Laboratory rooms in which most ~f the
work is carried out with flammabie
liquids or gases should be provided
witi: explosion-venting windows.

B- Arrangement of Furniture and Equipinent

1 Furniture snould be arranged for
maximum utilization of available space
and should provide working conditions
that are efficient and safe.

2 Aisles between wenches should be at
least 4 f=et wide to provide adequate
room for passage of personnel and
equipment. >

'3 Desks should be isolated from benches

or adequately protected.

4 Every laboratory should have an eye-
wash station and a safety shower.

C Hoods and Ventilation

} Adequate hood facilities should be
installed where work with highly toxic
or highly flammable materials are used.

2 Hoods should be ventilated separately
and the exhaust should be terminated
.at a safe distance from the building.

3 Make-up air should be supplied to
rooms or to hoods to replace the
quantity of air exhausted through the
hoods.
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Hood ventikation systems are best | -
designed 1o have an air flow of not less -~
thun 60 lincar fe«t per minute across
the facy of the hood, with all doors open
and 150, if toxic materials are involved.

Exhaust fans should be spark-proof if
exhausting flammable vapors and
corrosive resistant if.handling rorrosive
fumes.

Controls for all services should Le
located at the front of the hood and
should be operable when the hood ducr
is closed.

au laboratory rooms shoufd have the
air changed continuously at a rate
depending on the materials being
handled. :

Electrical Services

Electrical outlets should be placed
outside of hoods to afford easy access
and thus protect them from spills and
corrosion by gases.

Moninterchangeable plugs should be
provided for multiple electrical services.

Adequate outlets should be provided and
should be of the thrce-pole type to
provide for adequate grounding,

Stora ge

1

w

r-2

Laboratories should provide for adequate
storage space for mechanical equipment
and glassware which will be used
regularly. .

Flammable solvents should not he stored

n glass pottles over one liter in size.

Large quantities should be stored in
metal safety cans. Quantitheg requiring
containers larger than one gallpn should
be stored outgide the laboratory,

Explogica proof refrigerators should be
used for the storagz ot highly volatile
and flammablle solvents,

F

G ..

.

(¥}

4 Cylinders of compressed or liquificd
gases should not be stored it the
labe atory.

Hous vkeeping

1 Housekeeping plays an important role
in reducing the frequency of laboratory
accidents. Rooms should be kept in a
neat orderly condition. Floers, shelves,
and tables should be kept free from
dirt and from ull apparatus and chemi-
cals not in use.

]

2 A cluttered laboratory is a dangerous
place to work. Maintenance of a clean
and orderly work space is indicative of
interest, personal pride, and safety-
mindedness.

- - .\\
3 Passageways Should be kept clear to a‘.l\

building exits and stairways.

4 Metal containers should be provided for
the disposal of broken glagsware and «
should be properly labeled.

5 Separate approved waste disposal cans,
should be provided for the disposal of
waste cherricals.

. +

6 Flammable liqiiids not miscible with
water and corrosive materials, or
compounds which are likely to give off
toxic vapors should neve: be poured
into the sink.

Fire Protection
~

1 laboratory personne. should be
adequately trained regarding pertinent
fire hazards associated with their work.

2 "Personnel should know rules of fire
prevention and methods of combating
-fires. :

3 Fire extinguishers '(C02 type) should
be provided at convenient locations and
personnel shou.d be instructed in their
use€.

4 Automatic sprinkler systems are
effective for the control of fires in
chemical laboratories,
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Alarms . 1

1 An approvéd fire alarm system should
be provided.

2 Wherever a hazard of accidenta&elease
of toxic gases exists, a gas alarm
system to warn occupants to evacuate
the building should be provided.

3 Gas masks of oxygen or compressed air

type should be located near exits and
selected personnel trained to use them.

HANDLING GLASSWARE

. Receivirg, Inspection and Storage

1 Packages containing glassware sihould
be opened and inspected for cracked or
nicked pleces, pieces with flaws that
.may Lecome cracked in use, apd badly
shaped pieces.

2 'Glassware should be stored on well-
lighted stockroom shelves designed and
having a copipg of sufficient heignt
around the edges to prevent the pieces
from falling off. S

lLaboratory Practice

1+ Select glassware that is designed for the
type of work planned,

2 To cut glass tubing or a rod, make a
straight clean cut with a cutter or file
at the point where the piece is to be. .
severed. Place a towel over the piece
to protect the hands and fingers, then
break away from the body.

s

(2]

.Large size tubing is cut by means of a
heated nichrome wire looped around the
piece at the point of severance,

4 When it is necessary to inserta plece
of glass tubing or a rod through a
perforated rubber or cork stopper,
selec! the correct bore so that the
insertion can be made without excessive
strain.

<

.

5 Use electric mantels for 1eating
distillation apparatus, etc.

PN
6 To remove glass splinters, use a
whisk broom and a dustpan, Very
small pieces can be picked up with a
large piece of wet cotton,

GASES AND FLAMMABLE SOLVENTS

A Gas Cylinders

1 Large cylinders must be securely
- faster~d so that they cannot be dis- -
lodged or tipped in any direction.

2 Connections, gauges, regulators or
fittings used with other cylinders must
not be interchahged with oxygen -

. cylinder fittings because of the possi-
bility of fire or explosion from a
_reacticn between oxygen and residual
oilin the fitting,

3 Return ex'npty cylinders promptly with
protective caps replaced.

B Flamg‘nable Solvents - A

1 Store in designated areas well
ventilated.

2 Flash point of 2 liquid -is the temperature
at which it gives off vapor suificient to
form an ignitible mixture with the air
near the surface of the liquid or within
the vessel used. _

3 Ignition temperature « f a substance is
the minimum temperature required to
initiate or cause self-sustained com-
bustion independently of the heating or
heated element.

>
< _Explosive or flammable limits. For
most flanumable Iiquids, gases and
solids there is a minimum concentration
of vapor in air or oxygen below which
propagation of flame does not occur on
<ontact with a source of igrltion,

There is also a maximum proportion of
vapor-or.gas in air above which

¢
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propagations of fluthe does not occur. . B Oxidizing Materials - .,
These lunit uixtures of vapor or gas

with air, which if ignited will Just 1 Such oxidizing agents as chlorates,
propugate tlume, are known as the weroxides, perchlorates and perchloric
"lower and higher explosive #F flammnable acid, in contact with organic matier
limits,” Cafl cause explosions and fire.

w
[N

Explosive Range. The difference 3 They are ¢xothermic and decompose
brwwoen the lower and higher explosive rapidly, liberating oxygen which reacts
or flammable limits, exXpressed in - with organic compounds.

terms of percentage of vapor or gas in
alr by volume is known as the "vxplosive

w

Typical hazardous oxidiziag agents are: f‘

range. " B
. : Chlorine Dioxide
6 Vapor Density is the relative density Sodium Chlorate
of the vapor as compared with air., Potassium Chromate
Chromium Trioxide
7 Underwriter's Laboratories Classification Perckloric Acid
° 7 is a standard classification for grading
the relative hazard of the various C Explosive Power
flammable liquids. This classification
is based on the following gcale: 1 Many chemicals are explosive or form
. compounds tiiat are explosive and
Ether Class ........... 100 ' should be tre?ted'aceordmgly.
Gasoline Class......... 90 - 100 2 A few of the more common exampless
) Alsohol (ethy]) Class.... 60 - 70 of this class of hazardous maler.xals are!
Kerosene Class ........ 30 - 40 Acetylides
Paraffin Oil Class...... 10 - 20 Silver Fulminate
Peroxides ’
Peracetic Acid
8 Extinguishing agents Nitroglycerine :

Picric Acid
Chlorine and Ethylene

X 5 Sodivm Metal
v S
CHEMICAL HA ZARD Calcium Carbide

A Acids and Aikalies " . D Toxicity

—

Some of the most hazardous chemicals
are the "stroag’ or "mineral" acids
such as hydrochloric, hydrofluoric,
sulfuric and nitric.

1 Laboratory chemicals improperly .
stored or handled can cause injury to
personnel by virtue of their toxicity.

2 Organic acids are less hazardous 2 Imifegpos_ure. Thr:re. are four
because of their comparatively low types of exposure to chemicals:
ionization potentials, However, sucn . a Coutact with the gkin and eyes
acids as phenol {carbolic acid), .
hydrocyanic and oxalic are extremely -~ b Inhalation
hazardous because of their toxic c Swallowing
properties.

. . d Injection
3 Classification of acids

1-4
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VI PRECAUTIONARY MEASURES

1 "Chemical laboratories should have
special protective clotbing and equipment
readily available for emergency use and
for secondary protection of personnel
working with hazardous materials.

2 Equipmen: should be provided for ?de:quatg:

a Eye protection ’
b 'Body Rprotection
.© Respiratory protection
d Foot protectinrn

e H-nd protection
B Bodily Injury .
1 Burns, eye injuries, and poisoning are

the injuries with which laboratory
people must be most concerned.

ol
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A Clothing and Personal Protective Equipmeat

. * Laboratory Safety Practices

.
2 First emphasis in the laboratory

should be on ppeventing accidents. -

This means cbserving all recognized,
safe practices using necessary personal -
proteétive equipment and exercising
proper control over poisonous sub-
stances at the source of exposure. -

. .
3 1So that a physician can be suinmoned
promptly, every laboratory should have
posted the names, telephone numbers,
and addresses of doctors to be called
in an emergency requiring medical care.

.

REFERENCES

Guide for Safety ih the Chemical Laboratory,
the General Safety Committee of the
Manufacturing Chemists Association, Inc.,
-Van Nostrand, New York (1954),

This outline was prepared by Paul F. Hallbach,
Chemist, National Training and Operational
.Technology Center, MOTD., OWPO. USEPA,
Cincinnati, Ohio 45268 "

Descriptors: Safety. Laboratory, Practices
Safety, Laboratory Design Chemical Storage,
Gas Cylinders, Flammable Solvents
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+ METHODOLOGY FOR CHEMICAL ANALYSIS OF WATER AND WASTEWATER -
. . . . v .

I INYRODUCTION A pH Meters . .

‘This optline deals with ciiemical methods which PH (hydrogen ion,roncentration) is meas- -
* are cd mmonly performed in water quality ured as a differeace in potential across a

laborajories. Although a large number of glass membrane which is in contact with .

constith¢nts or properties may be of interest the sample and with a referenge solutlon.

to the an. t, many of the methods employed The sensor apparatus might be combined

{5 measure them are based on the same into one probe or else it is divided into an

unalytical principles. The purpose of this indicating electrode (for the sample) and a

outline is to Acquaint you with the principles ‘reference electrode (for the reference

involved in commonly~used chemical methods ' solution). Before using, the meter must

to determine water quality. be calibrated with a solution of known pH
. - . (a-buffer) and then checked for proper
. operation with a buffer of a diff -~ent pH
{I PRE-TREATMENTS value. R
For some parameters, a preliminary treatment B-Dissolved Oxygen Metérs
is required before the analysis begins. These ’ '
treatments serve various purposes.

Dissolved oxygerf meters measure the '
production of a current which is propornq’nal .

A Distillation -.To isolate the cc:xsutuent by to the amount of oxygen gas reduced at'a
/ heating.a portion of the sample mixture to cathode in the apparatus. The oxygen gas .
separate the more volat:le part(s), and then enters the electrade through a membrane,
cooling and condensing the resulting vapor(s) - and an electrolyte solution or gel acts as a,
to recover the volatilized portion. . transfer and reaction media. Prior to use
.- the meter 1nust be calibrai: '} 2gainst a known
B Extraction - To isolate/ concentrate the oxygen gas concentration. ’ .
constituent by shaking a portion of the ~ o
sample mixture with an immiscible soivent C Conductivity Meters
in which the constituent is much more . - i . .
soluble. . Specifit conductance is measured with a
. nieter containing a Wheatstone bridge which
C Filtration - To separate undissolved matter measures the resistance of the sample
from a sample mixture by passing a portion . solution to the transmission of an electric
of it through a filter of specified size. current. The meter and cell are calibrated
Particles that are dissolved in the original according to the conductance of a standard
mixture are so small that they stay in the solution of potassium chloride at 25°C,
sample solution and pass through the filter. measured by a "standard" cell with electrodes
one cm square spaced one em apart. This
D Digestion - To change constituents to a form is why results are called “specific" con~
amenable to the specified test by heating a R ductance.
portion of the sample mixture with chemicals. N
. o D Turbidimeters
I METERS A turbidimeter compares the intensity of
' light gcattered by particlés in the sample .
For some parameters, meters have been under defined conditions with the intensity
designed tc measure that specific constituent of light scattered by a standard reference
or property. ) Lo . suspension.
CH. 14b. 11. 77 . . . 201
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\l--(!nu'.’ul..;_:\."t-x Chemical Aanlysis of Water i Wastew ater
. . H . R B -
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IV BPECIFIC SO5 E) )

Thé niethod qx_a:,i utilize an indicator which

it ag : conventional glass electrode ¢ A
Just ag the o B e .changes color when the reaction”is

fur pil develops an a“'"'ma}- potential it ronplete.  Por cxample. in the Chemical
response fo the ar‘lvll}f t.'f h_" drogen lon T = Oxygen Demand TeSt the indicator.
in solution, the sw,:“,f“ ron ‘Tllcr.lmde . .- ferroin.. gives a blug-green coldi~to the
duvelops fm clc(:t_.rx»c.n. ;X)‘Lcnhal.-m response, mixture until’ the oxidation-reduction
L o the activity of u.'d.""n. Hor Whmh.u.’c electrode reaction 1s complete. Then thyg mixture
o is specific. The potential and activity are X is ‘reddish-‘brown.
related according to the Nernst equati on: - . N
L S,ifl’np!c ;nalyt{ca.l techriques can_be applied Seyeral of these cnlor-change titrations
to convert activity to an expression of con- make use of the iodometric process
centration. A . . . whereby the constituent of interest quan-
. o o = - titatively releases free iodine. Starch
r!:ese.eleclrodc:_ar? used with 2 pll r\’;)er-. - " is added to give'a blue color until enough
. ‘.,uth_an expand.ec_m\.'sr§1é or witha § ecl_rxc “Iredocing agent (Sodiuin thiosulfate o.
. m.n lneler_:., Two exa/uples are the am.m_loma phenylarsine oxide) is added to react
and ﬂuorxd&eleclrodﬁs. . +« with all the jodine. At this end point,
. ’ N - b . the mixture becomes colorless.,
A Ammonia . RS .2 Electrical praperly indicators ‘L
f .
The ammonia electrode uses a i,y -irophobic’ o Anothcr‘way tq'delccl end points is a
gas-permeable membrarte to separate the . change in an electrical property of the
sample-solutien from an ammonium chloride solution when the reaction is complete.
internal solution. Ammonia in the sample In the chlorine titrition a cell containing
diffuses through the memhrane and alters potassium chloride will produce a2 small
* the pH of the internal splution.. v hich is. .7 direct current as long as free chlorine.« *
sensed by 2 pH vlectrode,” The vonstant . ispresent: As a reducing agent (phen-. .
level of chloride in the internal solutin‘is : vlarsine oxide) is added to reduce
sensed by a chloride selective ion electrode . the chloriné, the ‘microammeter which ¢ .

* rieasures the existing direct cucrent A
. . 1egisters a-16wer reading on a scale,
B Fluoride X . . : by observing the scale, the end point of
3 totai reductinn of chlorine can be
The flucrid2 electrode rc;nsists of & lanthanum determined‘because the direct current
fluoride crystal across which a patential is ceases.
developed by fluoride ions. ‘The cell may be
represented by Ag/Ag Cl. CI(0.3), F (0.001)
LaFjtest solution/SCE/!. 1t is used in con-
junction with 3 stundard single junclion
reference electrode.

wtich acts as the reference electrode.

3 Specified end polnts

For acidity anc¢ alkalinity titrations. the
end points are specified pH values for .
the final mixture. The pH values are
.those existing when-common acidity or
- ‘alkalinity components.havegbeen -neutral- .
ized. Thus acidity is detérmined by
. titrating the sample with a standard
alkali to pH 8. 2 when carbonic acid
would be neutralized to (LOa)". Alka-

V GENERAL ANALYTICAL METHODS

A Volumetric Analysis

Titrations involve using a buret to measure linit : N
? Y {except for highl i

the volume of a standard solution of a sub-, is delerminid by ﬁ;“,'.ap_yinzc::ec::rrful’::w
Stance required to completely react with with a standa.d acid to pil.4.5 wh‘e;:l the
the constituent of interest in a’ measurec carbonate present has bee;l converted-
volume of sample. One’ can then calculate to carbonic acid. pH meters are used to
the original concentration of the constituent detect the specified end points
of interest, . - P2 ’
There are various wayvs to rlefg:l the end ’ .
point when the reactinn 15 romplete. 1 ,) : -

. U . .

2-2 i LN ’

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

L

\vn

M®thodology for Cbemical Analysis of Water and Wastewater

B Gravimetric I'ro. r.n'l/;‘k':i .

Gravimetric miethods involve dxrect

\wexghmg of the constituent in a container.

An empty container is weighed. the
£onstituent is separated from the sample
+ mixture and isolated in the container. then
the container with the constituent is weighed.
The difference in the weights of the container
¢ and after containing the constituent
resents the weight of the constituent.

‘The type of container depends on the method
ured to separate the constituent from the

sample mix'ure. In the solids determinations.

the contzinzr is an evaporating dish (total or,
dissolved) ar a glass fiber filter disc in a
crucible (suspended).. For oil and grease.
the container is a flzsk containing a residue
after evaporation of a solvent. .

C Combustion -

Combustion means to add oxygen. In the
Total Organic Carbon Analysis, combustion
is used within an instrument to convert
" carboraceous material to carbon dioxide.
An infrared analyzer measures the carbon
dioxide.

B

PHOTOMETRIC METHODS

These methods involve the measurement of light
that is absored or transmitted quantitatively

_either;by the constitient of interest or else by ~

a substance containing the constituent of interest
which has resulted from some treatment of

the sample. The gquantitative aspect of these
photometric methods is based on applying the

. Lambert-Beer Law which established that the
* amount of light absorbed is quantitativ.ly

related to the concentration of the absorbing
medium at a given wavelength and a given
thicimess of the medium through which the
light passes.

Each method requires preparing a set of
standard solutions containing known amounts
of the constitrent of interest. [Photometric
values. are obtained. for gge standards. These
are used to draw a calibration (standard) curve
by plotting photormietri¢ values against the
cuncentrations. Then. by. lagating - the photo-
metric.value for the sample‘on this standard
curve. the unknown concentration in the
sample can be determined.

.o .

’

A Atomic Absorptia

Atomiz Absorption (AA) instrumen:s utilize
absorption of lijht of a characteristic wave-
length. This form of analysis involves
aspirating solu'ions of metal ions {cations)
or molecules containing metals into a

flame where they are reduced to indivicdual
atom¢ in a ground electrical state. In this -
concition, the atoms can absorb radiation

. ot a wavelength characteristic for each

élement. A lamp containing the element of
interest as the catho‘de is used as a source
to emit-the chara: teristic line spedtrum for

* the element to be determined.

The amount of énergy absorbed is directly
related to the concentration of the element
of interest. Thus the Lambert-Beer Law

_applies. Standards can be prepared and

tested and the resulting absorbance values -
can be used to constfuct a_calhibration

. (stgndard) curve, Then the absorbance

value for the sample is located on this curve
10 determine the rorresponding concentration.

Once the instrument is adjusted to give
optimum readings for the element of interent.
the testing of each solution can be done in

u matter of seconds. Many laboratories
wire recorders into their instruments to
rapidly triu'lscnbe the data. thus conserving
time spent on this aspect of ‘the analysis.
Atomic absorption techaxques are generally
used for metals and senji-metals in solution
or else solubilized through some form of
sample processing. For mercury, the
principle is utilized but the absorption of
light occurs in a flameless situation with

the mercury in the vapor state and contained
in.a_closed glass cell. !

Flame Emijssion [}
&

' Flame emission photometry involves

measuring the amount of light given off by
atoms drawn inte a flame. At certain
temperatures. the flame raises the electrons.
in atoms to a higher energy level. When

the elgctrons fail back to a lower energy
level. the atoms lose (emit) radiant energy
which can be detected and measured.

Again standards must be prepared and
tested to prepare a calibration (standard)
curve. .Then the transmission value of the
sample ez e located on the curve to

" detetmine its concantration.

Many atomic absprption instruments can be
used for flame emission photometry.
Sodium and potassium are very effectively
determined by the emission technique.

2-1
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However, for many elements. absorption
analysis 18 more sensitive because there are
- great nimver of unexcited atems in the
flame whicH are avallable to absorb the
radiant energy.’

C Colormametry

Colorimetric analyses involve treating

standards which contain known concentrations

of the constituent of interest and also the
sample with reagents to produce a colored
solution. The greater the concentration of
the constituent. the more intense will be
the -esulting color. »

The Lambert=-Beer Law which relates the
absorption of light to thegthickness and
concentration of the absorbing medium
applies. Accordingly. a spectrophotometer

v

s is used to measure the amount of light of

appropriate wave.ength which is absorbed
by tiie sam< thickness of each solution.
The results from the standards are used to
construct a calibration {standard) curve.
Then the' absorbance value for the Sample
is located on this curve to determine the
corresponding concentration.

Many of the metals and several other
parameters (phosphorus, ammonia. nitrate.
nitrite. etc.) are determined in this
manner. .

vl GAS-LIQUID CHROMATOGRAPHY

Chramalographfy techniques invelve a separa-
tion of the components~in a mixture ky using
a difference in the physical properties of the
components. Gas-Liquid Chromatography
{GLC) involves Separation based on a differ-
ence in the properties of volatility and solu-
bility. The method is used to determine
algicides. chlorinated organic compounds

. and pesticides. .

The sample is introduced into an injector
bléck which is at a high temperature (e.g.

210°C). causing the liquid Bample te volatilize.

An inert carrier ‘gas transports the sample
components through a liquid held in place as
a thin film on & merl solid support material
in a column. -

Samplecomponerits pas; through the column’
ut a speed par'.fy govemed by the relative
solubility of each in the élt;t‘onary liquid.
Thus the least Soluble components are the
first to‘'reach th® detectos,~ The type of

.detectct used depeads on the elass of compounds

involved. All detectors:function to sense and

measure the quantity of each sample component ’

as it comes off the column.: The detector.
signals a recorder 8ystem whirh registers

a response. . PR
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As with other instrumental methods,. standards

w known concentrations of the substance of
nieredt are measured on the instrument. A

calibration (standard) cucrve can be deveioped
and the concentration in a sample can be
determired from this graph. .

Gas-liquid chromatography mcthods dre very
sensitive (nanogram, picogram quantities) so
only small amour.ts of samples are require:.
On the other hand,, this extreme sensitivity
often nccessitates extensive clean-up of
.samples prior to GLC analysis.

VIl AUTOMATED METHODS

The increasing number of samples and
measurements to be made in water quality
laboratories h timulated efforts to avtomate
these analyses.. Using smaller amounts of
sample (serm=-micro techniques), combining -
reagents for fewer measurements per analysis.
and using zutomatic dispensers are all means
of saving analytical time.

However, the term "automated laboratory
procedures’ usually means automatic intro=
duction of the sample into the instrument,
automatic treatment of the sample to test for

a ' .mponent of interest. automatic recording
of data and. increasingly. automatic caléulating
and print-out of data. Maximum automation
systems involve continuous sampling direct
from the source (e.g. an in-place. probe) with
telemetering of results to a central cornputer.

Automated methods, especially those based on
colorimetric methodology. are recognized for
several water qua.lity perameters including

alkalinity, ammonia. mlrale\ytrue. phosphorus,

and hardness.

1

Details of the procedure for an individual .
measureiment can be found in reference books.

There ar~ three particularly-recognized books’

of pr~ sl res for water quality rieasurements.
A Standard Methads(1)0 2

The American Public Health Association.
the American Water Works Association
and the Water Pollutinn Control Federation
prepare and publish "Standard Methods for
the Examination nf Water and Wastewater.
As indicated by the liat of publishers. this
book contains metuods developed for use by

‘those interested in water or waslewaler
treatment.

B ASTM Standards(®

The Americti Society for Testing and
Maverials publisiies an "Annua: Book of
ASTM Standards' containing specifications
and methods for testing materials. The
"book" currently consists of 47 parts.

5
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The part applicable to water was formerly
Part 23.. it is now Part 31, Water.

The methods are chogsen by approval of the
membership of ASTM and are intended to
aid industry, government agencies and the -
genera: public. Methods are applicable to

industrial waste waters as well as to other

types of water samples.
EPA Methods Manual(®)

The United States Enwronmental Protection

Agency publishes a manual of ' "Methods for .

Chemical Analysis of Water and Wastes. "

EPA developed thia manual to provide
methodology for monitoring the quality of
our Nation‘*s waters and ‘to determine the
impact of waste discharges. The test pro~
cedures were carefully selected to meet
these needs, usihg Standard Methods and

ASTM as basic references. In many cascs, *

the EPA manual contains completely
described procedures because they modified
methods from the basic references. Other-
wise, the manual cites page numbers in

the two references where the analytical
procedures can be found.

ACCURACY AND PRECISION

"Of the Method *

One of the criteria rar choos}ng methods

to be used for water quality analysis is that
the method should measure the desired
property or constituent with precision,

accuracy, and specificity sufficient to meet

data needs. Standard references, then,
include a gtatement of the precision and

+ ‘accuracy for the method which is obtained

when (usually) several analysts in different

laboratories used the particuiar method.’

.

Of the Analyst ) .

Each analyst should check his own precision
and-accuracy ‘as a test of his skill in per~ .-
forming a test. According to the U. S. EPA
Handbook for Analytical Quality Control“’
he can do this in the following manner. ..

To check precision, the analyst should

analyze samples with four different
concentrations of the constituent of interest,
seven times each. The study,should cover

at least two hours of normal laboratory *
operations to allow changes in conditions

to affect the results, Then he should

calculate the standard deviation of each of

the sets of seven results and compare his

values for the lowest and highest concen~
trations tested with the standard deviation

value published for that method in the reference
book. An individual should have better values S
than those averaged from the work of severale
analysts. '

To check accuracy. he can use two of the
samples used to check precision by adding
a known amount (spike) of the particular -
constituent in quantities to double the lowest
concentration used, and to bring an inter~

" mediate concentration to approximately 75%
of the upper limit of application of the -
method. He then analyzes each of the spiked
samples geven times, then calculates the
average of each set of gseven results. To
calculate accuracy in terms of % recovery,
he will ‘also need to calculate the average of
the results he got when he analyzed the

" unspiked samples. Then:

Avg. of SEiked
% Recovery = | Avg. of . Amt of | X 100

... Unspiked Spike | .

Again, the individual's % rr.-cavery should be
better than the pubhshEd rxgurr.- derived from
the results or several analysts. e

C of Daxly Performance - .

Even after ar analyst has demonstratéd his
personal gkill in performing the analysis,

‘a daily check on precision and accuracy
should be Jone. :About one jn every ten
samples should be a duplicate to check
precision and about ore in every ten samples
,should be spiked to check accuracy.

it is alse beneficial to participate in inter~
laboratory quality control programs. The
U.S. EPA provides reference samples at

no charge to laboratories. These samples

13 _ o 2.5
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serve as independent checks on reagents,
,instruments or techniques; for training
analysts or for comparative analyges within
the laboratory. There is no certification

-r other formal evaluative function resulting
from their use.

XI SELECTION OF ANALYTICAL
PROCEDURES

Standard sources'l: 2, 3) will, for most
parameters. ccntain more than one analytical
procedure. Seilection of the procedurs to be
used in a specific instance involves consider-

"ation of the use to be'made of the data. In

spme cases, one must use specified procedures.
I, others, one may be able to choose among
several methods.

A NPDES Permits and State Certifications -

A specified analytical procedure must be
used when a waste constituent is measured:

1 For an application for a National Pollutant
Discharge Elimination System (NPDES)
permit under Section 402 of the Federal

- Water Pollution Control Act (FWPCA),
as amended. .

“ 2 For reports required to be submitted by
dischargers under NPDES.

3 For certifications issued by States
pursuant to Section 401 of the FWPCA,
as amended. . - -

Analytical procedures to be used in these
situations must conform to those specified
in Title 40, Chapter 1, Part 136, of the
Code of Federal Regulations (CFR). The
listings in the ( 'R u&ually cite two differen’
proceaures fo ' o -.rtirnlar measurement.

The C'FR alsn provides a system of

applying to EI’A {or permission to

use methods not cited in the CFR.

Approval of alternative methods for

nationwide use will be published-in
. rthe Federal Register,

14

B Amjicnt Water Quaiily .\lonitoriné

FordAmbi..nt Water Quality Monitoring,
analytical procedures have rot been
specified by regulations. Howaever, the
selection of procedures to be use2 should
receive attention. Use of those listed in
the CFR is strorgly recommended. 1f
any of the data obtained is going to be used
in connection with NPDES permits, or may
be used as evidence in a legal proceeding,
use of procedures listed in the CFR is
again strongly recommended.

C Drinking Water Monitoring

In December, 1975, National Interim
Primary Drinking Wate,” Regulations*
to be effective June 24, 1977 were
published in the Federal Register in
Title 40, Chapter |, Subchapter D,
Part 141. The publication includes
specification of analytical procedures
to be used when determining compliance
with the maximum contamlnant levels
of required parameters.

Because of the low concentrations in-

" volved in the regulations, there is often
just one analytical method cited for
each parameter. .
Individuals or orunn- zations may apply
to EP’A for perm.ssion to use methods
not cited in the above. Approval of
al‘ernative methodt forr nationwide use
will be published in 1he #ederal Register.

NH FIELD KITS -

¥icld kits have been devised to perform
inalyses outside of the laboratory. The kit
may contain equipment and reagents for only
one test or for a variéty of measurements.
It may be purchased or put together by an
agency to serve i{s particular needs.

Since such kits are devised for perigrming

. tests with minimum time and maximum

simplicity, the types of labware and reagents
employed usually differ significantly from the
equipment and supplies used to perform the
same measurement in a laboratory.

1]
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A Shortcomings

Field conditions do not accommodate the
equipment and services required for pre-
treatments like distillation and digestion.

Nor is it practical to carry and use calibrated
glassware like burets and volumetric pipets.
Other problems are preparation, transport
and storage of high quality reagents, of

extra Supplies required to test for and remove
sample interferences before making the
measurement, and of instruments which

are very sensitive in detecting particular
constituents. One just cannot carry and

set up laboratory facilities in the field which
are equivalent to stationary analytical
facilities. \

Uses

Even though the results of field tests a ‘e
usually not as accurate and precise as those
performed in the laboratory, such tests do
have a place in water quality programs.

In situations where only an estina te of the
concentrations of varior’ constituents is
required. field tests serve well. They are
invaluable sources of information for -
planning a full~scale sampling/testing
program when decisions must be made .
regarding location of sampling sites.
schedule of sample collection. dilution of
saniples required for analysis, and treat~

. ment of samples required-to remove inter-

ferences to analyses.
NPDES Permits and State Certificstion

Kit methods are not approved for obtaining
data required “»r NPDES permits or State
construction rifications. If one judges-
that such a me..od is justifiable for these
purposes, he must apply to EPA for per~
mission to use it. '

D Drinking Water Monitoring

The DPD test kit for residual chlorine is
approved in the December, 1975 Federal
Register for monitoring drinking water.

REFERENCES

1 Standard Methods for the Examination of
Water and Wastewater, 14th Edition.
1976, APHA-AWWA -WPCF, 1015 18th Street,
N. W., Washington, D.C. 20036

2 1975 Annual Book of ASTM Standards,
Part 31, Water. ASTM, 1918 Race Street
Philadelphia, PA 19103. :

3 Methods for Chemi.cal Analysis of Water
and Wastes. 1974, U. S, EPA, EMSL,
Cincinnati, OH 45268.

4 Analytical Quality Control in Water and
Wastewater Laboratories. 1172, U, S,
EPA. EMSE, Cincinnati, Qhio 45288.

This outline was prepared by A, D. Kroner,

Chemist,; National Training and Operationi\]
. Technology Center, MOTD, OWPO, USEPA

Cincinnati, Ohio 45288.. "
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DISSOLVED OXYGE!.
Factors Affecting DO Concentratiou in Water

The Dissolved Oxygen determination is

a very important water quality criteria for
many reasons:

A

B

o]

Oxygen is an essentlal 1< \»nt for all .
living organisms Dissolved oxygen is
essentlal for survival of aeroblc
organisms and permits facultative
organisms to metabolize more effectively.
Many desirable varieties of macro or
micro organisms cannot survive at
dissolved oxygen concentrations below

" certain minimum values. These valuea

vary with the type of organisms, stage
in thelr life history, activity, and o!her
factors.

Dissolved oxygen'levels may be used as
an indicator of pollution by bxygen
demanding wastes. Low DO concen-
trations are likely to be associated with
low quality waters.

The px:esence' of dissolved oxygen
prevents or minimizes the onset of

. putrefactive decompoaition and the
- production of objectionable amount% of °*

malodorous sulfides, mercaptans,
amlnes, etc.

Disaol' ‘'ed oxygen is8 essentlal for -
terminal stabilization wastewaters.
[iigh DO concentrations are normally
assoclated with good quality water.

Dissolved oxygen changes with respect
to time, depth or section of a water
‘'mass are useful to indicate the degree
of stability or mixing characterlstlcs
of that situation.

The BOD or other respirometric test -
methods for water quality are commonly
based upon the difference between an
initial and final DO determination for a
given sample time interval and con-.
dition, These meaBurements are

useful to indicate:

: l 6

WP,NAP. 25a.11.77.

1 The rate of blochemical activity in
terrx 9f oxygen demand for a
givie <ample and conditions.

2 The degree of acceptabllity
{a bloassay technique) for blo-
chemical stabilization of a given
microblota in response to food,
inhibitory agents or test conditions.

3 The degree of instability of a
water mass on the basis of test
sample DO changes over an
extended interval of time.

4 Permissible load variations in

* surface water or treatment units
in terms of DO depletion versus
time, concentration, or ratio of
food to organism mass, solids, or
volume ratics.

5 Oxygenation requirements
necessary to meet the oxygen
demand in treatment units or
surface water &ituations.

G Minimum allowable DO concentrations are
specified in all Water QUality standards,

I FACTORS AFFECTI'NG THE DO
CONCENTRATION IN WATER

A Physical Factors'

1 DO solubility in water for an
air/water system is limited to
about 9 mg DO/liter of water at
20°C. This amounts to about
0.0009% as compared to 21% by
welght of oxygen {n.alr.

2 Transfer of oxygen from air to
water 18 limited by the interface
drea, the oxygen deficit, partial
pressure, the conditions at the
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interface area, mixing phenomena
and other items.

Certain factcrs tend to confuse
reoxygenation mechanisms of
water avration:

a The transfer of oxygen in air
to dissolved molecular oxygen
in water has two principal

variables:
1) Area . the air-water

interface.
2) Dispersion of the o'xygen-
saturated water at the
» interface into the body liquid.

The first depends upon the surface
area of the air bubbles in the water
or water drops in the air; the

second depends upon the mixing
energy in the liquid. If diffusors

are plac’ed in a line along the \vall,
dead spots may develop in the core.
Different diffusor placement or
mixing energy may improve oxygen

transfer to the liquid two orthreefold.

b Other variables in oxygen transfer
inclide: -

3) Onxygen deficit in the lquid.
4) Oxygen content of the gas phaee.
5) Time,

If the first four variables are
favorable, the process of water
oxygenation is rapid until the liquid
approaches saturation. Much more
energy and time are required to
increase oxygen saturation from
about 85 to 100% than to'increase
oxygen saturation from 0 to about

05%, .For example: An oxygen-
depleted eample often will pick up
significant DO during DO testing;

- changes are unlikely with a sample

containing equilibrium amounts
of DO.

s

The limited 80lubility of oxy gen

in water comparzd to the oxygen
content of air doeu &iot require .
the interchange of a large mass of
oxygen per unit volume of water

to change DO saturation, DO
increases from zero to 50%
saturation are comymoti in passage
over a weir.

Aeration of dirty water is practiced

. for cleanup. Aeration of clean'

water results in washing the air and
transfecring fine particulates and
gaseous contaminants to the liquid.

‘

One liter of air at room temperature
contains about 230 mg of oxygen. i
A 5 gal carboy of water with 2 liters /.
of gas space abcve the liquid has i
ample oxygen supply for equilibration

of DO after siorage for 2 or 3 days *

or shaking for 30 sec, ‘ -

Aeration tends toward evaporative
cqoling. Oxygen content becomes. -
higher than saturation values at

the test temperature, thus v
contributing to high blanks.

L g

Oxygen solubility varies with the
temperature of the water.
Solubility at 100C is about two-
times that at 300C, Temperature

mu

-
~3

. often contributes to DO variations

ch greater than anticipated by
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4

5

6

2 .

solubility. A cold water often has
much more DO than the solubility
limits at laboratory temperature.
Standing Juring warmup commorily
results in a loss of DO duc to
oxygen diffusion frem ihe super-
saturated sample. Sarnples
warn ~r than laboratory tempera-
ture may decrease in voilume due
to the <ontraction of liquid as
temperature is lowered. The full
bottle at higher temperature will.
be partially full after shrinkage -

with air entrance around the stopper.

to replace the vold., Oxyg,en in the
. 'alr may be transferred to raise the
sample DO. For example, a

volumetric flask filled to the 1000 ml

~mark at 300C will show a‘water
level about 1/2 inch below the mark
when the water tempereiare is
reduced to 200C. BTD dilutions
should be adjusted to 200C +or -
1 1/20 before filling and testing.

Water density varies with tem~
Perature with maximumrwater
density at 40C. Colder or warmer

waters tend to promote stratification

of waler that interferes with
cistribution of DO because the
higher density waters tend to seek
the lower levels. :

Oxygen diffusion in a water mass is
relatively slow, hence vertical and
lateral mixing are essentialto
maintain relatjvely uniform oxygen
~concentrations in a water mass.

Increasing salt concentration

decreases oxygen solubility

slightly but has a larger effect

upon density stratification in a
.water mass.

The partial pressure of the oxygen "
in the gas above the water interface
controls the oxygen solubility
limits in the water. For example,
the equilibrium concentration of

oxygen in water is about 8 mg DO/1*

untler one.atmospheric pressure of

air, about 42 mg DO/liter in .
contact with pure oxygen and 0 mg
DO/liter in contact with pure
nitrogen (@ 200 C).

B Biological or Blo-Chemical Factors

1

()

Aquatic life requires oxygen for

_respiration to meet energy

requirements for growth, repro-
duction, and motion. The net

effect is to deplete oxygen resources
in the water at a rate controlled °

by the type, actlvity, #nd mass of
living materiais present, the’
avallabliiiy of food and favor-
ability of conditions.

- Algae, aulolroph{?:' bacteria, plﬂnf-sA

or other organisms capable of |
phofosynthesis may use light
energy to synthesize cell materials
from mineralized nutrients with
oxygen released in process.
a  Photosynthesis occurs only ..
under the influence of adequate
light intensity. -

b  Respiration of alga is
continuous:

¢ The dominant effect in terms
of oxygen assets or
liabilities of alga depends upon
algal activity, numbers and
light intensity. Gross algal
productivity contributes to-
significant diurnal DO’
variations.

Hign rate deoxygenation commonly
accompanies agpimilation of
readily available nutrients and
conversion intc cell mass or
storage products. Deoxygenation
due to cell mass respiration
commonly occurs at some lower
rate dependent upon the nature of
the organisms present, the stage
of decomposition and the degree
of predation, lysis, mixing and
regrowth. Relatively high
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deoxygenation rates commonly are Recurrent resuspension of

associated with significant growth : thin benthic deposits may

or regrowth of organisms., contribute to highly crratic

DO patterns.
4 Micro-c.'2anisms terd to flocculate
or agglomevate to form settleable B Long { :rm deposition areas
~masses particularly at limiting commonly act like point
nutrient levels (after available sources of new pollution as
nutrients have been assimilated or a result of the feedback of
the number of organisms are large nutrients from the deposit.
in proportion to available food). Rate of reaction may be low
- for old matarials but a low

a  Resulting benthic deposits percentage of a large mass of
continue to respive as bed unstable maierial may produce
louds, . excessive oxygen demands.

b Oxygen availability is limited C Tremendous DO \;a;latlons are likely
because the deposit is physically ‘in a polluted water in reference to
removed from the source of depth, cross section or time of day.
surface oxvgenation and algal "‘More stabilized waters tend to show

K activity usually is more . decreased DO variations although it is
favorable near the surfice. likely tha! natural Yeposits such as leal
Stratification is likely to limit N mold wiil produce differences related
oxygen transfz.; tothe bed load to depth in stratified deep waters. .~ .«
vicinity. .,
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Determination by the Winkler lodometric Titration « Azide \odification

This method is applicable for use with most
wastewaters and streams that contain nitrate
nitrogen and not more than 1 mg/1 of ferrous
fron. Other reducing or oxidizing materials
should be ahsent. If 1 ml of {luoride solution
is added before acidifying the sample and
there is no delay in titration, the method is
also applicable in the presence of 100-200 ™
mg/1 ferric iron.

The azide modification is not applicable

under the following conditions: (a) samples
containing sulfite, thiosulfate, polythionate,
appreciable quantities.of free chlorine or
hypechlorite: (b) samples high in suspended
solids; (c) samples containing organic
substances which are readily oxidized in a
<highly alkaline solutioi, or which are oxidized

by free iodine in an acid solution; (d) untreated °

domestic sew ~ge; (¢) biological floecs; and
(T).where sample color interferes with
endpoint detection. In instances w“iere the
azide modification i8 not applicable, the
DO probe sheuld be used.

A Reactions

1 The determination of DO involves
a complex series of interactions
that must be quantitative to provide
a valid DO result. The number of
sequential reactions also compli-
‘cates interference control. The
reactions will be pr- s«nted first
followed by discussiu1 of the
tunctional'aspects.

MnSO4 + 2 KOH —Mn{OH)z + Kzs()4 fa)

2 Mn(OH)2 + O2 -2 MnO(OH)2 (b)

Mn()((_)H)2 +2 H2804 - MnlSO“)2 + 3H20 (e)

Mn(S()q)2 +2 KI— MnSO4 + Kzs()4 + 12 (d)
+ - +

12 2 NaZSZO3 NaZSqO6 2Nal (E),

2 Reactio s=quence

The series of reactions involves °
five diff~rent operational steps in

CH. O.do. 31e. 11, 17

<0

converting dissolved oxygun in the
vater into a form in which it can
be measured,

a.- OZ—MnO(OH)z—- PA::\SO4)2 -
12—' Thiosulfate (thio) or

phenylarsine oxide (PAQ)
titration.

. b  All added reagents a:c in excess

to improve contact possibilities

and to force the reaction toward
completion.

o . .

3 The first conversion, O,, -
MnO(OH)2 (reactions a, b) is an
oxygen transfer operation where
the dissolved oxygen in the waler
combines with manganous
hydroxide to form an oxygcnated
manganic hydroxide.

a The mangnnéus salt can react
with oxygen only in a highly
_ alkaline mcdia.

b The manganous salt and alkall
must be added separately with =
addition below the surfacé of
the se.mple to minimize reaction .
with atmospheric oxygen via
air bubbles or surface contact.
Reaction with sample dissolved
oxygen is intended 1o occur b

' upon mixing of the reagents and
sample after stoppering the
full bottle {care shauld be used
to allow entrained air bubbles
to rise to the surface before
adding reagents to prevent
high results due to including
entrained oxygen), -

‘e Transfer of oxygen from the
dissolved state to the pre-
cipitate form involvers a two
phase system of solution and
precipitate requiring effective
mixing for quantitative
transfer. Normally a gross

4-1
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6

"
excess of reagents is used to limit
mixing requirements. \lixing by
rapgl inversion 25 to 35 times will
i pligh the_purpose. l.css energy,
“1s¥chuired by inversion 5 or 6 times,
_allowing the floc to settle until there
is.clear liquid above the floc, repeating
the fnversion, & allowing the floc to
settle about two-thirds of the way down
in the bottle. The reaction is rapid;
contact is the prineipal problem in

-the two phase systen.

d  If the alkaline floc is white,
no oxygen is present.

Acidification{reactions ¢ and d)
changes the oxygenated manganic
hydroxide to manganic sulfate
whicl in turn reacts with
potassium iodide to form elemental

"iodine. ‘Under acid conditions,

oxygen cannot react directly with °..
the excess manganous gulfate
remaining in solution.

Iodine (reaction e) may be titrated
With sodium thiosulfate standard
solution to indicate the amount of
dissolved oxygen originally X
present in the sample.

N

a  The blue color of the starch-
iodine complex commonly is
used as an indicator. This
blue color disappears when
elementil fodine has been’
reacted with an equivalent
amount of thiogulfate.

b ) Phenylarsine oxide solutiong are

more expensive to obtain but
have better keeping qualities .
than thiosulfate solutions.
Occasional use, field operations
and situations where it is not
feasible to calibrate thio
solutions regularly, ‘ugually
encourage use of purchasec}‘ .
PAO reagents. )

"~
For practical purposes the DO
determination scheme involves the
following operations.

21

Fill a 300 ml bottle* under
conditions tainimizing DO

changes. This means that the
sample bottle must be flushed

with test solution to displace

the air in the bottle with water
characteristic of the tested

samples - .

"%DO test bottle volumes should

be checked - discard those
outside of the limits of 300 ml

+or -3ml,

To the filled botth',:v

1) Add MnSO4
2) Add KOH, KI, ,NaNa reagent
(2 ml T,
Stopper, mix by inversion,
allow to settle until there is
clear liquid above the floc,
repeat the inversion, & allow |
the floc to settle about two~thirds
‘of the way down in the bottle.
1lighly‘saline & other test waters
« may settie very slowly. In this
case, allow some reasonable time
(e.g. 2 min.) for completion of the

reaction. .

reagent (2 ml) |

. To the alkaline mix {settled

about half way) add 2 mlof

sulfuric acid, stopper and mix

until the precipitate dissolves.
Transfer the contents of the

bottle to a 500 ml Erlenmeyer .
flask and titrate with 0.0375

normal thiosulfate. Each

- ml of reagent used represents

1 mg of DO/liter of sample.
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The same thing applies for
other sample volumes when
using an appropriate titrant
normality; e. g.,

1) For a 200 ml sample, use
0,025 N Thio

2) For a 100 ml sample, use
0.0125 N Thio

7 The addition of the first two DO
reagents, (MnSO, and the KOH, KI
and NaN, solutions) displaces &n
equal quantity of the sample. This
is riot the case when acid is added:;
because the clear liquid above the
floc does not contain dissolved
oxygen as all of it should be con-
‘verted to the particulate MnO(OH),,.
Some error 18 introduced by this
displacement of sample during
dosage of the first two reagents.
The error upon addition of 2 ml of -
each reagent to a 300 ml sample
133%6 X 100 or 1.33% loss in DO,

v

This may be corrected by an
appropriate factor or by ddjust-
ment of reagent normality. It is
generally considered small in
relation to other errors in sampling,
manipulation and interference, .
hence this error may be recognized

but not corrected. “

8 Reagent preparation and pro-

cedural details can be found in .,
reference 1, )

The sequential réactions for the

Chemical DO determination provides )
several situations where significant inter-
ference may occur in application on
polluted water, such as: '

A

Sampling errors may not be strictly
designated as interference but have the
e effect of changing sample DO,
Inadequate flushing of the bottle con-
tents or exposure to air may raise the
DO of low oxygen samples or lower the
DO of supersaturated samples. / .

.

B Entrained air may be trapped in a DO

bottle by:

1 Rapid filling of vigorously mixed
samples without allowing the
entrained air to escape before -
closing the bottle and adding DO
reagents, '

2 Filling a bottle with low temperature
water holding more DO than that in
equilibrium after the samples warm
to working temperature.

3 Aecration {s likely to ¢ool the sample
permitting more DO to be introduced
than can be held at the roorh or
incubator temperatures.

4 Samples warmer than working
' incubgtor temperatures will be <
only partially full at equilibrium
temperatures. '

Addition of DO reagents results in
reaction with dissolved or entr:ined *
oxygen. Results for DO are invalid
if there is any evidence of gas
bubbles in the sample bottle.

C The DO reagents respond to any oxidant

or reductant in the sample capable of {s.
reacting within.the time allotted. HOCI
"or HyOy may raise the DO titration
while HyS, & SH may react with sample
oxygen to lower the sample titration,
The {tems mentioned react rapidly and
ralse or lower the DO rppult promptly.
Othet ftems such ag Fe ' or SO, may
or may not react completely witBin the
time allotted for reaction. Many
organic materials or complexes from
benthic deposits may have an effect upon
DO results that are difficult to predict.,
They may_have one effect during the
dlkaline stage to release lodine from

K1 while favoring irreversible .
absorption of iodine during the acid u
stage. Degree of effect may increase
with reaction time. It is generally
inadvisable to use the lodometric
titration on samples containing large
amounts of organic dontaminants or

4-3
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N
benthic r eslduus. It would be expected F Polluted water commonly contains
that berithic residues would tend toward . significant interferences such as C.
low results because of the reduced iron ™ -It is advisable to use @ membrane

and sulfur content - they commonly
favor high results due to other factors
that react more rapidly, often giving

protected sensor of the electronic type
for DO determinations in the presence
of.these types of interference.

the same effect as in ungontrolled
nitrite interference during titration. G The order of reagent addition and prompt

rvompletion of the DO determination is

Nitrite is present to some extent in . critical. Stable waters may give va}i:l

natural waters or partially oxidized
treatment plant samples. Nitrite is

DO results after extended delay of
titration during the acidified stage. For

associated witha cyclic reaction during unstable water, undue delay at any stuge
the acid stage’of the DO determination of processing accentuates interference
that' may lead to erroncous high results. problems,

N

E

v

These reacuons may be repre-

sented as follows: REFERENCE
"HNO + 2 HI —4 +4H,0+ N,0, (a) ! Methods for Chemical Analysfsof
t 21 : Water & Wastes, U, S. Environmental
2HNO, = + 1{2024' H,0+ N202 (b) Protection Agency, Environment

confuse - endpoml detection if present

Monitoring & Support Labgratory,

These reactions are time, mixing Cincinnati, Ohio 45268, 1974,

and concentration dependent and oL
@1 be minimiZed by ragid R L
prot.essinl, R " ACKNOWLEDGMENTS

. . .

2  Sodium azide (NaN,) reacts with This oytline containg sxgmf\cant n\atenals
nitrite dnder acid conditions to ., from previous outlines by J. V. Mandia, ~
form a combination of N, + N (o} Review and comments by C. R. Hirth and ~
which effectively blocks %ho ) R. L. Booth are greatly appreclx}tcd,
cyclic reaction by spnverzlng the . B
HNO,, to noninterfering compounds . . K
of | ni?rugen e e e .

3  Sodium azide added to fresh
alkaline KI reagent is adequate to '
control interference up to about .o
20 mgof NO N/liter of sample. . . .

The azide is unstable and grad- This qutline was prepared by F. J. Ludzack,
ually decomposes, If resuspended '; - !'ormo;: Chemist, National Training Center,
- benthic sediments are not detectable ang ,revmed by C, R. Feldmann, Cheniist, -
in a sample showing a returning . . National Training'& Operational Technology
. blue coior, it is likely that the o Center, MOTD, OWPO, USEPA, Cincinnati,
azide has decomposed in the / Ohio 45268,
alkaline KI azide reagent. X .
. - Descriptors: Chemical Analysis, Dissolved
Surfactants, color and Fe+++ may . Oxygen, Oxygen, Water Analysis

- in significant quantities,

-

23
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N ! DETERMINATION BY ELECTRONIC MEASUREMENT

INTR O@CTION

Electronic measurement of DO is attractive

for several reasons;

1 Electrc ic methods are more readily
.adaptable for automated analysis, con-
tinuous recording, remote sensing or
portability.

2 Appncatton of electronic methods with

membrane protection of sensors affords
|°‘ high degree of interference control.

3 Versatility of the electronic system

permits design for a particular measure-

ment, gituation or use.

4 Many more determinationg per man-

hour dre possible with a minor expend- "

iture of time for calibration.

Eleétronic m ods of analysis impose
certain regtfictions upon the analyst to

" Ansure thaf the response does, in fact,
indicate the item sought. -

1 The ease of reading the indicator tends
to produce a falle sense of gecurity.
Frequent and careful calibrations are
essential to'establish v bility of the

° apparatis and validity of its response.

2. The use of electronic devices requires
a greater degree of competence. on the
part of the analyst. Understanding of
the behavior of oxygen must be supple-
mented by-an understanding of the
particular instrument and its behavior
during use. .

C. Defmglons

1 Electréchemistry - a branch, of chemistry

dealing with relationships between
electrical and chemical changes.

f . .

2 Electronic measurements or electro-
metric procedures - procedures using
the measurement of potential differences
as an indicator of reactions taking
place at an electrode or plate.

3 Reduction ~ any process in which one
"or more electrons are added to an atom
or an ion, such as O, + 2e — 207
The oxygen has been reduced. *

4 Oxidation - any process in which one
or more electrons are removed from
an atom or an ion, such as Zn0 - 2e

= 2n"2, The zinc has béen oxidized.

5 Oxidation - reduction reactions - in a
strictly chemical reaction, reduction
cannot tccur unless an equivalent
amount of some oxidizable substance
has been oxidized For example:
2H, +0, = 2H,0

=
2H - 4e 2™ 4H *! hydrdgen oxidized
=

0, + 4e "= 20™° oxygen reduced

Chemical reduction of oxygen may also
be accomplished by electrons supplied
to & noble metal electrode by a battery
or other energizer.

6 Anode ~an electrode at which oxidation
of some reactable substance occurs.

7. Cathode - an electrode at which
, reduction of some regctable substance

- “oceurs. For example in 1.C.3, the

reduction of oxygen occurs at the
cathode.
- o
8 Elecirochemical reaction -.a reaction
involving simultaneous conversion of
chemical energy into electrical energy
or the reverse. These conversions are

Note: Mention of Commercial Products and Manufacturers Dnes
- Not Imply Endorsement by the Enviranmental Protection

Agency

CH, 0. do, 32, 11,77

P

5 . . ’ 5-1
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equivalent in terms of chemical and
electrical energy and generally are
reversible. :

Electrolyte a solution, gel, or mixture
capable of conducting electricgi enargy
and serving as a reacting media for
chemical chdnges. The electrolyte
commonly contains an appropriate
coneentration of selected mobile ions
to promote the desired reactions,

Electrochemical cell - a device con-
sisting of an electrolyte in which 2

. electrodes are immersed and connected —~. .

" via an external metallic conductor.

The electrodes.may be in separate
compartments connected by tube cop--
taining electrolyte to complete the | - -
internal circuit.* 2

a Galvanic (or voltaic) cell - an.
electrochemical cell operated in
such & way as to produce electrical
energy from & Ehemical change,
such as a battery (Sce Figure 1), .

GALVANIC CELL
Figern 1 .

"' E Each cell type has characteristic advantages‘ -

“

b Polarographic (electrolytic) cell -
an electrochemical cell operated in
such a way as to produce a chemical
change from electrical energy .
{See Figure 2). i '

. 4
- "

P As indicated in L. C. 10 the aign of an
electrode may change as a result of the
operating mode. The coniversion by the °
reactant of primary, interest at a given *
electrode therefore designates terminology
for that electrode and operating mode.

In electronic oxygen analyzers, the
electrode at which oxygen reduction occurs
is designated the cathode. .

and limitations. Both may be used
effectively. : .

1 The galvanic cell depends upon
measurement of electrical energy
, «-produced as a result pf oxygen
- ] N -
." .

N
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.2 H202 + 2e R 20H

» reduction. If the oxygen content of the
sample is negligible, ‘the measured
ent is very low and indicator driving
1’ rce g negligible, thercfore response
time 'is’longer".

2 The polgrographic cell uses a standing
current to provide energy for oxygen
reduction. THe indicator response
depends upon a’change in the ctanding
current as a result of electrons
released during oxygen reduction.

Indicator response‘time therefore is
not dependent upoh oxygen concentration,

3 * Choice ‘may depend.upon availability,
habit, accessories, or the situation.
In each case it is necessary to use
caré and judgment both in ‘selection
and use for the objectives desired.

ELECTRONIC MEASUREMENT OF DO
'

Reduction of éxygen takes place in two
steps as shown in the following equations:

1 O2 + 2l-.120 +2e= HZ‘O2 +20H

.

Both equations requie electron input to
activate reduction of oxygen. The first
reaction is more important for electronic
DO measurement because it occurs ata '
potential (voltage) which is bélow that
required to activate reduction of n.ost

. interfering components (0.3 to 0.8 volts .". -

relative to the saturated calomel electrode -
SCE). Interferences that may be reduced’
at or below that required for oxygen
usually are present,at. lower toncentrations -
in water or may l:ie minimized by the use-
ofa selective membrane or other means.
When reduction occurs, a defini’c quantity
of electrical energy is produced that is v -
proportional to'the quantity of reductant '
entering the reaction.. Resulting current
measurements thus ar€ more specific for
oxygen reduction.
Most electronic measurements of oxygen
are based upon one of two techniques for
evalua{ing oxygen rechiction in line with '

» .

b
-~ L

sequation IILA.1, Both require activating
energy, both produce a current propor-
tional to the quantity of reacting reductant.
The techniques differ in the means of
supplying the activecing potential; one
employs a source of outside energy, the
other uses spontarcous energy produced
by the electrode pair.

1 The polarographicioxygen sensor
relies upon an outside Source of
potential to activate oxygen reduction,

_ Electron gain by oxygen chinges the
reference voltage, .

a Tradltiorfally. she dropping meércury
electrode (DME) has been used for
polarographic.measurements, Good
results have oeen obtained for DO

+ using the DME but the difficulty of
maintaining a constant mercury drop
rate, temperature control, and
freedom from turbulence makes 1!
impractical for field use.

b Solid electrodes are attructive’
because greater surface area
improves sensitivit}. Poisoning
of the solid surface electrodes is
a recurrent problem. The use of
selective membranes over noble
metal electrodes has minimized
but not eliminated electrode con-
tamination, Feasibtlity has been
improved sufficiently to make this
type popular for regular use.

2 Galvanic oxygen électrodes consist of

a decomposable anode and a noble.
metal cathode in a suitable electrolyte
to produce activating energy for oxygen
reduction (an air cell or battery). Lead
is commonly used as the anode because
its decomposition potential favors
spontaneous reduction of oxygen. . The
process is continuous as long as lead
and oxygen are in contact in the qlectrolyte
and the electrical energy released at .
the cathode may be dissipated by an
outside circuit. The anode may be

-~conserved by lim ting oxygen availability.
interrupting the vutside circuit may .
produce erratic behavior for a time

' after reconnection. The resulting

)

5=3
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current groduced by oxygen reduction

may be converted to oxygen concen=-

tration b;: use of a censitivity coefficient
! . obtained during calibration. Provision
of a pulsed or interrupted signal makes *
it possible to amplify or cecntrol the
signal and adjust it for direct reading
in terms of oxygen.concentration or to
compensate for temperature effects.

II "ELECTRONIC DO ANALYZER
. +APPLICATION FACTORS .

A Polarographic or galvjanic DO instruments
operate as a result of oxygen partial
Ppressure at the sensor surfacé to produce.
a signal characteristic of oxygen reduced
at the cathode of some electrode pair.

4 This signal is conveyed to an indi g
device with or without modificationTo

A sensitivity and temperature or other
influences depending upon the ’*strument
capabilities antl mtended use.

.1 Many approaches gnd refinements have
beer used to improve workability,
i’ applicability, validity, stability and
- ‘control of variables. Developments
. .are continuing. It is possible to produce
T . 'a device capable of meeting any reasonable
situation, but situations differ.

- 2 Most commercial DO instruments are
designed for use under specified con-
ditions, Some are more versatile than

N others, Benefits are commonly reflected

: in the price. It {8 essential to deter-
mine the requirements of the measure~
ment situation and objectives for use, ..\
Evaluation of a given instrument in*"
terms of sensitivity, response time,
portability, stability, service
characteristics, degree of automation,
and consistency are used for judgment
on a cost/benefit basis to select the
_most acceptable unit. *

"B Variables Affecting Electronic DO
Measurement

1 Temperature affects the solubility of
oxygen, the-magnitude of the resulting
signal and the permeability°of the

ERIC

Aruitoxt provided by Eic:

protective membrane, A curve of
oxygen solubility in water versus |
increasing temperature may be concave
downward while a similar curve of
sSensor response versus temperature

is concave upward. Increasing
temperature decreases oxygen solubility
and increases probe sensitivity and
membrane permeability. Thermistor
actuated compensation of probe

response based upon a linear relation~ .
ship or average of oxygen solubility ..
and electrode sensitivity is not precisely
correct as the maximum spread in

‘curvature occurs at about 170 C with

lower deviations from linearity above

or below that temperature. If the
instrument {8 calibrated'at a temperat}lre
within + or - 50 C of working temperature,
the compensated readout is likely to be
within 2% of the real value. Depending
upon probe geometry, the laboratory

. sensor may require 4 to 6% correction

of signal per © C change in liquid

. temperature,

Increasing pressure tends o increase
electrode response by compression

and contact effects upon the electraljte(
digsolved gases and electrode surfaces.
As long as entrained gases are not
contained in the electrolyte onundozr
the membrane, these effects are
negligible. .
Inclusion of entrained gases results in
erratic response that increases with
depth of immersion.

Electirdde sensitivity changes occur as:
a result of the nature and concentration
of contaminants at the electrode sur- °
faces and possible physical chemical or
electronic side reactions produced,
These may take the form of a physical .
barrier, internal Short, high residual
current, or chemical changes in the
metal surface. The membrane is
intended to allow dissolved gas pene-
tration but to exclude passage of ions ~
or particulates. Apparently some ions
or materials producing extraneous ions
within the electrode vicinity are ablé

to pass in limited amounts which
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become significant in time. Dissolved
gases include 1) oxygen, 2) nitrogen,
3) carbon dioxide, 4) hydroger sullide,
and certain others. Item.4 is likely to
be a major problem. I em 3 may pro-
duce deposits in alkaline media; most
electrolytes are alkaline or tend to
become 80 in line with reaction H.A.1.
The usable life of the senser varies
with the type of electrode system,
surface area, amount of electrolyte
and type, membrane characteristics,

. nature of the samples'to which the

.system is exposed and the length of
exposure. For example, galvanic
electrodes uscd in activated sludge
units showed that the time between
cleanup was 4 to 6 months for electrodes
used for infermittent daily checks of
effluent DG; continuous use in the mixed
liquor required electrode cleanup in 2
to 4 weeks. Each electrometric cell
.configuration and operating mode has
its own response characteristics.

Some are more stable than.others.

1tis necessary to check calibration
frequency required under conditions

of use as none of them will maintain
‘uniformrresponse indefinitely. Cali-
bration before and after daily use is

, advisable. .

4 Electrolytes'may cons. st of solutions '

or gels of ionizable materials guch as

"acids, alkalies’or salts. Bicarbonates,

-
,

KC1 and KI are frequently used. “The
€lectrolyte is the transfef and reaction
media, hence, it necess.rily becomes
contaminated before damage to the
electrode surface may occur. Electro- '
lyte concentration, nature, amount and
quality affect response time, sensitivity,
stability, and specificity of the sensor
system. Generally a small quuntity of
electrolyte gives a shorter response

_time and higher sensitivity but also may

be affected to a greater.extent by a
given quantity of contaminating sub~ .

stances.
R

5 Membranes mgy consist of teflon,

polyethylene, rubber, and certain

other polymeric films. Thicimess
may Vary from 0.5 to 3 niils (inches X’
1/1000). A thinner membrane will , -

Y.

4
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decrease response time and increase
sensitivity but is less selective and -
may be ruptured more easily. The
choice of material and its uniformity
affects response time, selectivity and - .
durability. The area of the membrane
and its permeability are directly
related to the quantity of transported
“materials that may : ~oduce a signal. -
The permeability of the membrane
material is related to temperature and -
to residues accummulated on the
membrane surface or interior. A
cloudy membrane usually indicates
depoaition and more or less loss of

signal.

6 Test media characteristics control the

interval of usable life between cleaning
and rejuvenation for any type of
electrode. More frequent cleanup is
essential in low quality waters than for
high quality waters. Reduced sulfur
compounds are among the more
troublesome contaminants. Salizity
affects the partial pressure of oxygen
at any given temperature. This effect
is small compared to most other
variables but is significant if salinity
changes by more than 500 mg/1.

7 Agitation of the sample in the vic!nity

2

of the electrode is important because
DO is reduced at the cathode. Under
quiescent conditions a gradient in
dissolved oxygen content would be
established on the sample side of the
membrane as well as on the electrode
side, resulting in atypical response.
The sample should be agitated
sufficiently to deliver a representative
portion of the main body of the liquid

to the outer face of the membrane.

It is commonly observed that no
agitation will result in a very low or
negigible response after a short seriod
of time. Increasing agitation will cause
the response to rise gradually un

some minimum liquid velocity-is reached
that will not cause a further increase

" in response with increased mixing

energy. It is important to check

mixing velocity to reach a stable high
signal that is independent of a reasonable
ctmnge in sample m‘bd.og Excessive

5-5
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mixing may create a vortex and expose

- the sensing surface to air rather than
sample liquid. This should be avoided.
A linear liquid velocity of about 1 ft/sec
at the sensing surface is usually
adequate.

8 DO sensor response represents a
potential or current signal in the..
milli-volt or milli-amp range in a
high resistance system. A high quality
electronic instrument is essential to
maintain a usable signal-to-noise ratio.
Some of the more common difficulties
inclqde:

a Variable line voltage or low ba.t‘teries
in arnplifier power circuits.

b Substandard or unsteady amplifier
or resistor components.

‘¢ Undependable eontac:ts or junctions
in the sensor, connecting cables, or
instrument control circuits.

d Inadequately shiclded electronic
components.

e -Excessive exposure to mo!smre,
fumes ¢. ...emicals in the wrong +

- places lead to stray currents,
internal shorts or other malfunction.

C Desirable Features in 2 Portable DO
Analyzer

1 The unit should include steady state
performance electronic and indicating -
ts in'a convenient but sturdy
nackage that is small enough to carry. -

2 There should be provisions for-addition
of special accessories such &8 bottle
or field sensors, agitators, recorders,
line extengions, if needed for specific
requirements, Such additions should
be readily attachable and detachable

and maintain good working characteristics.

3 The instrument ghould include a
sensitivity adjustmem whith upon
calibration will provide {or direct
reading in terms of mg of DO/liter.

10

Temperature compensation and temp-_
erature readout should be incorporated.

Plug in contacts should be positive,
sturdy, readily cleanable and situated
to minimize contamination. Water
yeals should be provided where
necessary.

The sensor should be suitably designed
for the purpose intended in terms of
sensitivity, response, stability, and
protection during use. It should be
easy to clean, and reassemble for use
with 2 minimum loss of service time.

Switches,  connecting plugs, and con-
tacts preferably should be located on

or in the instrument box rather than

at the “wet'’ end of the line neur the
sensor. Connecting cables should be
multiple strand tb minimize separate
lines. Calibration controls should be
convenient but designed so that it is

not likely that they will be inadvertently
shifted during use.

Agitator accessories for bottle use
impose special problems becanse they

. should be smal’, gelf contained, and

readily detachable but sturdy enough
to give positive agitation and electrical
continuity in a wet zone.

Major load batteries should be
rechargeable or readily replaceable.
Line operation should be feasible
wherever possible.

Service and replacement parts avail-
ability are a primary consideration.
Drawings, parts identification and
trouble shooting memos should be g
incorporated with applicable operating
instructions in the instrument manual
in an informative organized form. -

D Sensor and Instrument Calibration

The instrument box is likely to have some
form of check to verify electronics,

_battery or other power supply conditions

for use. The sensor commonly is not

included in this check. .A known reference

2J
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sample used with the instrument jn an
operating mode is the best availgble
method to compensate for sengor variables
under use conditions. It is advisable to
calibrate before and after dafly use under

" test conditions. Severe conditions)changes

in conditions, " or possible damage call for
calibrations during the use period. The
readout gcale is likely to be labeled -

a Adjust the instrument calibration
control if necessary to compare
with the titrated DO.

b If sensitivity adjustment is not
possible, note the ingtrument
strbilization point and designate
itasua. A sensitivity coefficient,

calibration is the basis for this label.

The following procedure is r " ded:

1 Turn the instrument on and allow it to

reach a stable condition. Perform the
ded insgtr t check as
outuned in the operating manual.

Tae instrument check usually includes '
an electronic zero correction. Check
each instrument against the readout

' . 8cale.with the sensor immersged in an

agitated solution of sodium sulfite
containing sufficient cobalt chloride to
catalyze the reaction of sulfite and
oxygen. The indicator should stabilize
on the zero reading. .If it does not, it
may be the result of residual or stray
currents, internal shorting in the
electrode, or membrane rupture.

- Minor adjustments may be made using

the indicator rather than the electronic

" controls. Serious imbalance requires

electrode reconditioning if the electronic
check is O.K. Sulfite must be carefully
rinsed from the sensor until the readout
stabilizes to prevent carry over to the

next sample

Fill two DO bottles with replicate
samples of clarified water similar to
that to be tested. This water should

not contain significant test interferences.

Determine the DO in one by the azide
modification of the iodometric titration.

Insert a magnetic stirrer in the othér
bottle or use a probe agitator. Start
agitation after insertion of the sensor
assembly and note the point of .
stabilization.

¢, is equal to % where DO is the

titrated value for the sample on
which ua was obtained. An unknown

Domenbecom‘eano=%. This

factor is‘applicable as long as the
sensitivity does not change.

-6 Objectives of the test program and the
type of instrument influence calibration
requirements. Precise work may
trequire calibration.at 3 points in the
DO range of interest instead of at zero
and high range DO. One calibration
point frequently may be adequate.

"Calibration of a DO gensor in air is a
quick test for possible changes in
sensor response. :The difference in
oxygen content of air and of water is
too large for air calibration to be
satisfactory for precise calibration
for use in water.

. ]
.

IV This section reviews characteristics of

several sample laboratory instruments.
Mention of a specific instrument does not

imply USEPA endorsement or recommendation;
No attempt has been made to include all the
available instrumints; those described are

‘used to indicate the approach used at one

stage of devéloprment which may or may not
represent the current avajlable model

A The electrode described by Carrit and

Kanwisher 1) i8 {llustrated in Figure 3.

. This electrode was an early example of -
those usmg a membrane. . The anode was
a silver - silver oxide refefence cell with
a platinum ¢fsc_cathode (1-3 ‘em diameter).
The salt bridge consistéd of N/2 KCl and
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KOH, The polyethylene membrane was
held in place by a retaining ring. An
applied current was used in a polarographic
mode. Temperature effects were relatively
large, Thermistor correction was studied
but not integrated with sarly models.

Siiver Ring

L riatinum Drak "—:nnrﬂm Layer

Figure 3

B The Beckman o;:ygen electrode {8 another :

illustration of a polarographic DO gensor
(Figure 4). It consists of a gold cathode,
a silver anode, an electrolytic gel con-
taining KCl, covered by a teflon membrane.
The instrument has a temperature readout
and compensating thermistor, a source-
polarizing current, amplifier with signal
adjustment and a readout DO scale with
recorder contacts, .

SENSOR  ELECTRONICS
i 180,
i

f

8.0c )
e care
werte

.
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oy AT |
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couo caman

Figure 4. THE BECKMAN OXYGEN
SENSOR

v

C The YSI Model 51 (3) is illustrated in

Figure 5, This is another form of
polarographic DO analyzer. The cell
consists of a silver anode coil, a gold’
ring cathode and a KCl electrolyte with
a teflon thembrane, The instrument has
a sensitivity adjustment, temperature and
DO readout, The model 51 A has temp-
erature compensation via manual preset
dial. A field probe and bottle probe are

. available.

YS1 Model 51 DO Sensor

‘O’ Ring

Membrane

KCL Solution T

Anode Coil

Cathode Ring

D The Model 54 YSI DO analyzer (4) is based
upon the same electrode configuration but
modified to include automatic temperature
compensation, DO readout, and recorder
jacks. A motorized agitator bottle probe
is available for the Model 54 (Figure §).
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. @
E The Galvanic Cell Oxygen Analyzer (7, 8)
employs an indicator for proportionul DO
signal but does not include thermistor
compensation or signal adjustment.
. Temperature readout is provided. The
sensor includes a lead anode ring, and
a silver cathode with KOH electrolyte
(4 molar) covered by a membrane film
(Figure 7).

Precision Gelvenic Coll Oxygon Prebe

—

[ ————— Connscior Loads

Thermister Cable
Retalner

.1-'-'“ Section

Silvee hed

I j -/"':::':.:.:'.:::'"-

e

Polyethylens Membrane

Fieore 1

F The Weston ind Stack Model 300 DO

Analyzer (8) has a galvanic type setsor
-with a pulsed current amplifier adjustment
to provide for signal and temperature
compensation. DO and temperature
readolit is provided. The main power
supply is a rechargeable battery. The
sensor (Figure 8) consists of-a lead anode
coil recessed in the electrolyte cavity
(50% KI) with a platinum cathode in the tip.
The sensor is covered with a teflon mem-
brane. Membrane retention by rubber
band or by a plastic retention ring may be
used for the bottle agitator or depth
sampler respectively. The thermistor
and agitator are mounted in a sleeve that |

also provides protection for the membrane,

G The EIL Model 15 A sensor is illustrated
in Figure 9. This is a galvanic cell with
thermistor activated temperature com-
pznsation and readout. Signal adjustment
is provided. The illustration shows an
expanded scheme of the electrode which
wnen assembled conipresses into a sensor
approximating 5/8 inch diameter and 4 inch
length exclusive of th¢ enlargement at the
upper end. The anode consists of coni-
pressed lead shot in a replaceable capsule
(later models used fine lead wire coils),

a perforated silver cathode sleeve around
the lead is covered by a membrane film,
The electrolyte is saturated potassium
bicarbonate. The large area of lead
surface; silver ani metnbrane provides

a current response of 200 to 300 nuicro-
amperes in oxygen saturated water at
200C for periods of up to 100 days use (8).
The larger electrode displacement favors
a scheme described by Eden (9) for
successive DO readings for BOD purposes,

V  Table | summarizes major characteristics
of the sample DO analyzers described in
Section IV, It must be noted that an ingenious ~
analyst may adapt any one of these for spycial
purposes on a do-it-yourself program. The
sample instruments are mainly Jusigned for
laboratory or portable field use. Those
designed for field monitoring purposes may
include similar designs or alternate designs
generally employing larger anode, cathode,
and electrolyte capacity to approach better
response stability with some sacrifice in
response time and.sensitivity. The electronic
controls, recording, telemetering, and
accessory’apparatus generally ape semi-
permanent installations of a complex natute,
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Dissolved Oxygen Determination - . - C

TABLE 1
CHARACTERISTICS OF VARIOUS LABORATORY DO INSTRUMENTS

DO .+ Temp. .
. - Sig.- Comp. Accessories for
Anode Cathode Elec Type Membr Adj. Temp. Rdg. which deaigjzd
* ‘Carrit & silver~ Pt KC1 pol* polyeth no no - Recording .
Kanwisher silver ox. disc KOH - & signal ady. self
ring : N/2 - aggemble
" Beckman _ Aq . Au KC1 pol teflon yes yes recording
ring disc gel * __yes .
Yellow Springs Ag Au KCl . pol teflon yes no* field and bottle
51 coil ring soln e yes probe © .
N sat. .
" Yellow Springs " " T o T yes recording field
54 ’ , bottle & agitator
probes

Precision - Pb silver KOH galvF*polyeth no no :

Sci ring disc 4N - yes

Weston & Pb Pt . K galv teflon yes yes cragit, probe

Stack coil dise -~ 40% - yes depth sampler

300 . ’ " !

EIL Pb Ag KHCOs galv teflon yes yes recording

- yes :

Delta © . Lead Sliver KOH galv teflon  yes Yes 'field bottle &

75 disc’ IN - no agitator probe
Delta Lead . Silver KOH galv teflon yes ‘yes - field bottle & -
85 disc "IN : yes agitator probe

*Pol - Polarographic (or amperometric) . : ot

#+Galv - Galvanic (or voltametric)
» B N .
- . . <4 . - - " . .
. REFERENCES + 5 Technical Bulletin TS-68850 Precisfon
ot ‘ o ; Scientific Company, Chicago, IL 60647,
v 1 Carrit, D.E. and Kanwisher, J. W, . 1
« Anal, Chem. 31:5, 1959, - 6 Mancy, K.H., Olun, D.A, and Reflley,
' T 7 C.N. J. Electroanal. Chem. 4:65.

2 Beckman Instrumerit Company, Bulletin .© 1962,

. 7015, A Dissolved Oxygen Primer, . : :
Fullerton, CA, 1962, 7 Instruction Bulletin, Weston and Stack
. Lo . ) Model 400 Oxygen Analyzer. Roy F.

3 Instructions for, the YSI Model 51 Oxygen ‘ '~ Weston, West Chester, PA 19380, -
Meter, Yellow Springs Instrument ° L " .
Company, Yellow Springs,” OH 45‘387. 8 Briggs, R. and Viney, M. Degign and

o , o . - Performance of Temperature Com- -
4 Instructions for the YSI Model 54 Oxygen " pensated Electrodes for Oxygen
Meter, Yellow Springs Instrument . , ' Measurements. Jour, of Sci,
- “mpany, Yellow Springs, OH 45387, - Instruments 41:78-83. 1964,
- / . .- . . -
' 3 . P ? - . . .
- : . & -~ . . .
. ) / 30 S
~ '/
5=-12 . .
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BIOCHEMICAL OXYGEN DEMAND TEST PROCEDURES

I OXYGEN DEMAND OF POLLUTED
WATERS

‘Established practice inpludes common use

of the BOD test as a tool for estimation of
the bio-oxidizable fraction of surface waters
or wastewaters discharged to them. Any,
index including a quantity per unit time such
as the BOD, is a rate expression. The
ultimate démand is more important than any
one point on the progression. The results
of a bottle test with minimum seeding and

"quiescent storage are not likely to be as

high as those on the same influent in a mix-

ing situation and abundant seed of secondary -

treatment or receiving waters. The BOD
i8"a" fraction of total oxygen requirements.

A The particular technique yged for BOD

commonly is specified by State agencies
and/or gupervisors, They are required
to interpret the results as obtained by
laboratory testing. It is essential that
the tester and the interpreters have a
common understanding of what was done
and how. It is highly advisable to main-
tain a given routine until all concerned
agree upon a change. -

1 Each particular routine hag many un-
definable factors. The particular

- routine is not as important as the con-
sistency and capability with which the
result was obtained,

- 2 This outline and Standard Meth».dsu)

discusses several valid approaches for

obtaining BOD resulty. Selection of

"method" is not intended in this ?utune'

or in the EPA Methods Manual{2

B The common 5-day incubation period for ~

BOD testing is a result of tradition and-
cost. Initial lags are likely to be over
and some unknown fraction of the total
oxidizable mass has heen satisfied after
5 days. ‘

C A series of cbservations over a period of
time makes it possible to estimsate the*
total oxidizable mass and the fraction
oxidized or remaining to be oxidized at
any given time. The problem is to define

CH.O.bod. 57g. 11. 77

f

D

the shape of the deoxygenation pattern and
its Hmits. A fair estimate of the shape of
tk - >xygenation pattern’is available by
oL - .aions at 1, 2, or 3 days, 7 days
and 14 days. Increased observations are
desirable for more valid estimates of
curve shape, rate of oxidation and total
oxidizable mass « - ultimate BOD.

Increasing impoundment of surface waters '
and concurrent increases in complexity

and stability of wastewater components
emphasize the importance of long-term
observation of BOD. The 5-day observation
includes most of the readily oxidizable
materials but a very small fraction of the -
stable components that are the main factors
in impoundment behavior.

DIRECT METHOD

With relatively clean surface waters, the
BOD may be determined by incubation of
the undiluted sample for the prescribed
time interval. This method is applicable
only to those waters whose BOD is less
than 8 mg/] and assumes the sample
contains euitable organisms and accessory
nutrients for optimum biologizal
stabilization. - .

Treated effluente, pollated surface waters,
household and industrial wastewsters
commonly require ¢‘lution to provide the
exces§ oxygen required for the oxygen
demand dztermination. General-gnidelines
for dilution requirements for a given BOD
rzitge in terms of the percent of sample in
BOD dilution water are:

’

For a 5-day BOD of *
) 520 mgl i, uge 25 to 100% sample

For a BOD of . B
20-100 mg/l, use5 to 25% sample

" For a BOD of ‘

I

100-500 mg/ 1, use 1 to 5% sample -

For a BOD of .. .
500-5000 mg/ 1, use 0.1 to 1. 0% sample

PROCEDURES

A Cylin}jer Diiulion Technique
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Biochemica! C:ygen Demand Test Procedures .

1 Using an ussumed or estimated BOD C Seeded Cylinder Dilution Technique,
* = value as a guide, calculate the factors ° . - : ‘
for a range of dilutions to cover the - 1 Many wastewaters may be partially or
desired depletions. Those dilutions completely sterile as a result of
ranging from a depletion of 2 mg/1 chlorination, effects of other toxic
and a residual of 1 mg/1 are most . chernicalg, heat, unfavorable pH or
reliable. At least thrée dilutions in . other factors detrimental to biological
_-duplicate should be used for an, ..+ . sctivity. Validity of the BOD result
unknown sample. =~ . - R " depends upon the presence of organisms
E . L. capable of prompt and effective bio-

2 Into a one-liter graduate cylinder (or “' degradation and favorable conditions
larger container if necessary) measure . during the particular test.” Correction
accuratély the required amourt of mixed * of the cause resulting in sterilization
sample to give one liter of diluted waste. must be corrected by adjustment, :

B Fill to the one liter mark with dilution dilution, etc., prior to reinoculation to

’ watzr, Carefully mik. The initial DO by achieve meaningful BOD data. Receiving
. calculation includes IDOD (VIII) a . water, biologically treated effluents;, and

X determined initial does not. Both are . soil suspensions are a good source of
v essential to estimate significance of organisms likely to be adapted for

/ IDOD. Entrapment of air bubbles during - stabilization of wastewaters. Untreated
: manipulation must be avoided. . ' wastewaters provide numercus organisms
/ . N but are likely to contain nutrients .

3 Siphon the mixture from the cylinder into contributing to excessive seed corrections
three 300 ml glass stoppered bottles, . and may require appreciable time for
filling the bottle’s to overflowing. . ° adaptation before test wasteoxidation

' : * * becames significant. L.

4 - Determine the DO concentration on one .

. of the bottles by the appropriate * 2 .The amount of added inoculant must be

-Winkler modification and record as .o determined by trial. The céncentration
"Initial DO", B * - added should initiate biochemical -+ -
-, Lo activity promptly but should not exert
5 Incubate the two remaining botties at enough oxygen demand to unduly reduce
20°C in complete darkness. “The the oxygen available for sample ©
- incybated bottles should be water-sealed requirements. .
= by immersion in a tray or by using a f .
spécial water-seal bottle. 3 Estimate the sample concentration
) - ¢ . : desired in accordance with A-1 and
+ 6 After 5 days of incubation, or other . ° . C-2 above and a'dd the sample aliquot to the
desired interval, determine the DO on dilution cylinder. .
the bottles. Average the DO concentration . . . L
of the duplicates and report-as "Final DO", 4 Add approximately half of the required
. ° s amount of dilution water to the sample
B Direct Dilution Technique - . - and mix. This is necessary to assure,
. - ‘ , - . o that the concentrated waste does not
1 1t may be more convenient to make the * exert a toxic effect on the seed organisms:
dilution directly in sample bottles of ‘ * '
known capacjty. A measuréd volumne of 5¢ Measure a suitable aliquot of seed into . -
sample may be added (as indicated in the bottle or cylinder and ftll with \
. Az1) above, and the bottle filled with dilution dilutioti water. Mix the combined sample,
, water to make the desired sample seed and dilution water without excessi--2
concentration for jncubation. Iy this air entrainmeant. o
case, the sample must be precisely ‘
measured, the bottle carefully filled, 6 Continue as in III-A steps 4, 5, anc 6 above.
but not overfilled, and the bottle volumes
-comparable and known. Precision is - ¢ . L )
likely to'bre poorer than for cylinder IV INTERPRETATION OF RESULTS
dilution. - . . . . ~
2. Continue the pr'Oce'd\;re as in A-4, 5, Standard Methods(l)_ includes a calculation -
and 8 above. - section that is valid and concise. Preceding

it.are details of reagent preparation and

- . o
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Biochemical Oxygen Demand Test Procedures

-
procedures for the test. These will notbe . “ if you do, if you don't"
. reprinted here. This section consid s situation. Hopefully, seed corrections s«
certain itenis that may cause conceru about + are small because each individual
the validity of results unless they are care- biological situation is a "universe". of
fully conSIGEI‘EG and control]ed ' its own.
A The Lnltial DO of the BOD test obvipusly 1 Unstable secding materials such as -
- should be high, The method of attaining - fresh'wastewater-have "seed'" organisms |,
a high DO can trap the analyst characteristic.of their ongu‘ and «
. .- history. Saprophytes resulting in
, 1 Aeration of dilution"water is the most ‘- surface water stabilization'may be a
commonly considered treatment. small fraction of the population. Re-
" This technique does produce a high-DO actable oxygen-demanding components

but it is a treacherous ally, - . produce excessive demands upon test
- oxygen resources. .
a Dirty air passing through clean

dilution water can produce clean . 2 A seed containing viable organisms at”
air and dirty water. This is a a lower energy state because of. limited
simple air-washing operation, nutritional availability theorencally is
Filtering the entering air stream the best available seed source. An
- may remove brickbats and 2 x 4' organism population grown under
blﬂ filters tend to pass organic . - similar conditions should be most
gases, fine aerosols, and partic- effective for initiating biochemical
ulates.~ activity as soon as the nutrient situation
. ' .. favors more activity. The.population
* b A strcam of air-passing through * ’ shoulu not be stored too long hecause
‘water tends to cool the water by " organism redistribution and die-out .
evaporation-1 to 3" C below ambient bécome limiting. Thisitype of seed °
temper . ve. The gooled liquid would most likely be found'in a surface
picks up more DO than it can hold water or a treatment plant effluent
. at ambient temperature. The with a history of recgiving the pasticular
. physical loss of oxygen may produce i material under consideration, *
. L an erroneously high depletion value ' . , -
U, for a: determined initial DO, cra . ) 3 Seed sources and amounts can onl§ be .
.Y low depletion on a calculated evaluated by trial. Different seed
iritial DO. - Erroneous blanks are sources and locations require checkout
a particular concern. The dilution to-determine the best available material
" wafer temperature/DO shift is from a standpoint of rapid initiation of *
cr,ihcal ) activity, low correction, and predictable

high oxygen depletion under test.
2 Raiéing DO by allowing the sample to

equilibrate in a cotton-plugged bottle C Chlorination and BOD results fundamentally
fof 2 or 3 days permits oxygenation are incompatible. Chlorination ‘objectives
wlth minimum air volume contact. . . ' include disinfection as the number one .
N goal, Chlorine is notorioualy non-specific
3 ,-Shaldng a partlally filled bottle for a ) in organism effects, * Chlorine acts like
. few geconds also oxygenates with min- : an nxidant in the: DO determination, Test
, imum opportunlty of gas washing con- " organisms are less suitable for activity
. tamination, supersaturction, or * . than they'were before chlorination. ; 5
'temperature changes. Nutrients may be less available a.fter .
" chlorination, Certainly the conditions are
.B Seeding alwaya is a_precarious procedure less suitable for biological response after
but a2 very necessary one at times. Often . chlorination. Dechlorlna.tion is feasible
the application of seed.corrections is a | with respec} to the” oxidizing power of ~
kXY 6-3
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-

chlorine, but many organic chlorine com-
pounds that do not show strong oxidizing

/ action still have toxic effects on biologic

response.

4 i N

Numibers are obtainable after dechlorination
and reseeding. . The meaning of these
. numbers is obscure. At least two states’
(New York and New Jersey) specify BOD's
before chlorination only.
~

V PRECISION OF THE BOD TEST

-A The DO test precision often has been used
to suggest precision of the BOD result.
DO precision is a relatively minor and
controllable factor contributing to BOD

" results. Cther factors such as organism

suitability, members, adaptation and
conditional variables are much more
difficult to control or to evaluate.

B The Analytical Reference Service rep‘ort

" on Water C:xygen Demand, July, 1960
(Sample type VII) included the results of
seeded samples of glucose-glutamic acid
BOD results from 34 agencies on 2, 3, 5
and 7 day incihibations.

The relative geometric standard deviation
(average) was 19% on 2% sample and 24%

on 1% sample concentrations. Rate
coefficients ranged from 0.10 to 0, 27 with

a median of 0. 16 from 21 different
laboratories that participated in rate studies.

VI ALTERNATE BOD TECHNIQUES

Reaeration methods are becoming increasingly
-popular in order to approach more nearly the
actual waste concentration in the receiving’
water. It is common to obtain "sliding" BOD
results related to the concentration of waste

in a series of dilutions of the same sample. .
This may result from greater possibilities

for toxic effects at higher concentrations, or °

to a different selection of organisms and change
in oxidation characteristics at low concentrations
of sample. - The most reliable estimate of stream
behavior is likely to be from that dilution closest
to the wastewater dilution in the receiving water.

. A Reaeration can be accomplished by the
usual series techniques by dumping all of
the remainlng sealed bottles into a common

D

container when the residual DO reaches about
1.0 mg/1: After reoxygenation, the remaining
bottles are refilled and a new initial DO
determined. Subsequént dissolved oxygen
depletions are added 1ncrementallf as a
summation of the total oxygen depletion

from the start of the test. If necessary,

the reaeration technique may be performed
several times but at a sacrifice of double

DO determinations for each day on which
reaeration.occurs. .

Special methods of reaeration have ev.olve'd
to minimize the extra manipulation for
reaeration of individual sample dilutions.

1 Elmore Method

A relatively large volume of the sample
is stored in an unsealed bottle. Small
bottlescare withdrawn in sets of 5 or
mdore, sealed, incubated, and the DO
determined at appropriate intervals.
When the DO concentration in the smaller
bottles reaches 1.0 mg/l . 8 new sectis
withdrawn from the large unsealed
bottle, after reoxygenation if necessary.

2 Orford Method

The deoxygenation is carried out in a
large sealed jug from which samples
for DO are withdrawn at appropriate
intervals. To maintain the waste level
and a sufficient DO in the jug, additional
waste is added from a second open
container. See diagram.

Excess oxygen may be provided by
oxygenation with commercial oxygen
instead of with air to increase the initial
oxygen content for incubation while limiting
the number of dilutions or reaeration steps.
When oxygen'is used in place of air the
oxygen saturation in water at 20°C is asbout
40 mg/1 instead of 9 mg/1. Limited results
are available.hence the analyst must verify
his technique. The DO tends to degrease
as soon as the bottle is opened hence, about
35 mg/1 of oxygen content is the top of the
practical working concentration. There has
been no evidence that the biota is inhibited
by the higher oxygen content with respect

to BOD progression. -

Reaeration or Oxygenation Advantages and
Limitations. . :

1 Reacration expands the range of BOD
recults obtainable directly at field
concentrations, but is not advisable for
applications when the sample BOD
exceeds 50 mg/1.

e
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Biochemical Oxygen Demand Test Procedures

2 Dilution water problems are eliminated,
be tested without dilution.

3 Incubator storage space becomes a real
problem for multiple sample routine.

VI - Dissolved oxygén electrodes, polarographic '

and others, are feasible for use in BOD
determinations, often making it possible to
make an estimate of DO or BOD when sample
interference prevents a valid Winkler DO
determination,

Electronic probe DO makes it posalbfe to
determine many successive PO's at different .
tim'e intervals on the same bottle with
negligible sample loss. Reaeration or
extended time series, therefore, are more
feasible. .

Anocther outline in this series describes
response of reaerated 8005 with electronic
DO probes.

to the extent that the stream sample may

A It is the responsibility of the analyst to >

evaluate: i
1 Applicability of the specified techniﬁ/ue
and sample. . !

2, To determine requirements for mixing

and possible thermal-cffects while

mixing in terms of {nstrument response
and biochemical reaction, .

3 To evaluate long-term calibration or
standardization and their effects upon
precision and accuracy of the BOD
result,

Vil IMMEDIATE DISSOLVED OXYGEN

DEMAND (IDOD)

Ilmmediate dissolved oxygen demand includes
dissolved oxygen utilization requirements of
substances such as ferrous iron, sulfite -
and sulfide which are susceptible to high

rate chemical oxidation,

REAERATION MEfHODS FOR B.O.D. DETERMINATION

=
N00AN

sealed bpnlos ' i

ELMORE METHOD

[ SN
]

* seoled jug

/

reservoir !

- 0000

d.o. somples

ORFORD METHOD :

A



Biochemical Oxygen Demand Test Procedures

‘A The IDOD is an apparent response as
indicated by a specified technique. Since
DO titration is based upon iodine titration,
any factor that causes I, response different
from that produced by the reaoction of KI
and molecular oxygen confuses the IDOD

Dilution water DO found to be 8.2 mg/] -

Assume & mixture of 9 parts of dilution
water and 1 part (V/V) of sample.

determination. b Calculated DO =
B IDOD Determination 1%0=0 .
1 The IDOD determination includes the 9x8.2=173.8

detérinination of DO on a sample and
dilution water separately. A waste
likely to have a significant IDOD is
unlikely to show a DO, -

10 parts of the mixture contain 73.8/10
or 7.4 mg DO/1. Note that mixing has
reduced the DO concentration because

the original amount is present in a :

2 According to mixing theory, it should larger package.
be poasible to calculate the DO of.any .
definite mixture of the sample and 2 The mixture described above was held
dilution water from the DO of component for 15 minutes and the DO determined
- parts and their proportion. was 4.3 mg/l.
IDOD = DO = DOy, x ,d00
3 “The same relative proportions of sample cale detm”™ % 3:‘“3’ €
and dilution water should be mixed . =7.4-4.3%10 _e

without air entrainment and the DO
ileternlirigqma.‘frgﬂetshe arbitrarily seclected =31 mg IPOD/ 1

4 Any difference between the calculot~d '
* inittal'DO as obtained in 2 above, and REFERENCES

the DO.determined.in 3 above, may be 1 Standard Methods. 14th ed, 1975,

designated as [DOD. ’
2 Methoda for Chemical Analysis of

Water & Wastes, U, S, Environmental

Protection Agency, Environmental

Monitoring & Support Laboratory,

Cincinnati. Ohio., 45268. 1974.
1 Sample DO checked and shown to !

be 0.0 mg/1 - This outline was prepared by F. J. Ludzack.
former Chemist, National Training Center.
MOTD.. OWPO, USERA. Cincinpati, Ohio @

5 Sampie aeration DO interference, and
other factors afiect regylts for IDOD.

C Sample Calculation of IDOD P

Descrlgtors: Biochemical Oxygen Demagd.
Chemical Analysis, Dissolved Oxygen,
- Water Analysis, Analysis, Wastewater
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BOD DETERMINATION - REAERATED BOTTLE PROBE TECHNIQUE

I INTRODUCTION

A Customary dilution technique has certain
limitations with respect to the BOD
determination such as a prior commit-
ment on sample dilutions to be used,
number of bottles to be included to permit
Winkler DO determinations to be made
throughout a predetermined test interval,
(with sample destruction for-each DO test),
possibility for anomalous effucts dre to
dilution water, dilution, or inconsistent
response between test bottlee.

.B DO probe technique offers the advantages

of nondestructive DO testing, possibilities

of adjusting routine according to sample
behavior during test, and retaining the
sample with minor losses for long term
observation (if desired) and for supplemen-
tary tests at the end of the BOD test
inte rval. P

) Note: Use of the probe results in & loss
of about 1/2 ml of each 300 ml sample.
Use dilution water with a glass rod or
bead to bring the sample volume back to
300 ml for further testing. ~

C This test was performed in triplicate on
the same sample at 100% concentration
with reaeration as needed to mustrate
results obtainable.

I PROCEDURE -,
A Sample ‘ R

Final effluent (catch sampls at 1100 hours)

of the Advanced Waste Treatment Research
Activated Sludge (Unit B) Sanitary Engineering
Center Experi tal Wing (September 3, 1970).

One hundred percent concentration.
B DO Probe Calibration

The probe was calibrated datly in air
saturated tap water versus the azide

CH. O, bod.lab. 2a. 11.77 .

modification of the iodometric titration.

A replicate test'bottle of the titrated
sample was retained lor initial probe
adjustment, if necessary, and to recheck
sensor response at the end of the use’
period. Zero sensor response in cobalt
treated sulfite solution was checked at
three day intervals. Electronic response:
and battery condition were chelhed daily.

C Reaeration .

1 When the DO test indicated 1. 0 mg
DO/liter or appeared likely to reach
that point prior to the next test reading
the test bottles were reaerated and a
new initial DO was obtained.

2 An adapter was inserted into the neck
of the sample bottle indicating low DO
and an empty bottle inserted on the.
opposite end. The combination was
shaken vigorously, while in an inverted
position to allow the transfer of sample B
to the empty bottle; immediately after
transfer the .combination was relnverted,
shaken as before and sample returned °
to the ori/;inal bottle.

3 The sample was allowed to stand for
at least five minutes to allow entrained
air to rise (generally formed a froth

-ring). The froth rin." was raised into
the neck of the bottle by displacement
with about 1/2 ml of dilution water.

It usually was necessary to tilt the
bottle slightly and roll it to sweep

fine air bubbles off the shoulder of the
bottle and into the neck. After careful
reinsertion of the DO sensor these
bubbles were displaced by tipping the,
assembly and discarding contents of
the BOD bottle lip containing the frothy
residue.

4 It is recognized that surface active
materials and possibly other components
would doncentrate in the discarded froth.

.th would be possible to umit this effect
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D

I

by allowing a longer time for the froth-
to break--say 15 to 30 minutes. This
was not attempted for this demonstration.

No attempt was made to determine DO at
any regular time interval. Observation
time is recorded for each test on a
24-hour clock basis with zero time at -
midnight.

Results are recorded in tabular form
including the date (Column 1), time in
hours (2), sample temperature (3), hours
of incubation (4), and'the triplicate sample
data. For each of the samples the
observed DO, the change since the last
observation ( ADO) and the summation of
all the DO depletions observed during

the incubated interval are recorded as

L ADO. A bold face line in the tabulated -
data in the DO columa indicates DO before
reaeration; the number below the line
indicates DO after reaeration to be used
as a new initial for the 1iext observation.

Near the end of the fifth day of incubation
(116 nhours) one of the triplicates (no. 3)

was not reaerated to check the effect of
complete depletion of oxygen. Itwas
reaerated on the following day and thereafter.

The results plotted in graphic forrln are
presented following the BOD tabular data.

L. L
“The results of a similar respiration test

on’mixed liquor from the same activated
sludge units are tabulated to show the
effects of different types of feed on DO
depletion (respiratory activity). In this
case, time is in minutes, DO is in mg/1
and ADO/minute also is in mg/l. The

first test in Table 2 represented 100 ml

of return sludge plus plant effluent to fill
the bottle. Approximately one percent
nutrient agar solution was added by "
syringe (1.0 ml) to produce the response
noted in the second series; one ml of five
percent mercuric chloride produced the
effects in series 3, A new replicate |,
sample (100 m] sludge) and plant influent

to fill the bottle produced the results in
series 4. .

7-2

m

A

SUMMARY

Table 1 shows that it is possible to obtain
consistent results using a DO probe plus
reaeration for BOD technique. The

major requirement is to carefully calibrate
the DO instrument and sensor on a daily
basis. It is not recommended to reaerate,
as many times as found necessary here,

It could have been diluted at any time
since the sample was avallable. Had
the BOD response at five: days been
substantially complete only two .
reaerations would have been necessary.
However, since the sample was working
into second stage BOD it proceeded to
react accordingly. The oxygen demand

of 15 mg/liter at five days increased to

30 mg/liter in seven days and reached

45 mg/liter in ten days. The sample that
was allowed to deplete on the fifth day
slowly recovered but by the twelfth day

" or thereafter equaled or exceeded the

BOD of the samples with residual DO at
all times. This technique requires much
less incubator space, time and manip-
ulation with an added advantage of
retaining the sample for adjustment or
extended observation. The results do

not depend upon a preconceived guestimate

~ which may or may not fit the situation.’

-Table 2 indicates the possibility for

estimating feed acceptability in an
activated sludge treatment plant. On
many occasions an Inquiry from an-
industrial plant, a different type of

inflow or perhaps a new plant requires

a decision regarding effects at the treat-
ment plant. A respiration test by probe
technique offers an opportunity to rate

the situation within ten minutes after
pfobe calibration. A test of sludge and
effluent oxygen demand gives an estimate
sludge respiratory activity now. When the
same sludge is subjected to a new feed of
an acceptable nature respiratory activity
rises as in series 2. If the feed happened
to be highly toxic as in series 3 (mercuric
chloride) respiratory activity stops--
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obylously a dead or severely shocked
condition. A replicate sludge (Series 4)
with the regular plant influent shows a
prompt increase in activity. Oxygen
requirements, permissible load ratio,
acceptable feed to sludge ratios (return
sludge adjustment) all may be estimated
on the basis of DO tests related to overall
plant performance.

The graphic of BOD versus time includes

"the COD--an estimate of first stage "

oxygen demand and the TKN for the
composite effluent sample. If the total
Kjeldahl nitrogen (TKN) is multiplied by
its oxygen equivalent (4,57) then the COD

" plus 4,57 times TKN gives an estimate of

ultimate oxygen demand (138 mg/1). .

The twenty day BOD was about 55 X 100/138
or forty percent of this value. The effluent
sample obtained at 1100 hours is unlikely
to contain a significant portion of the high
load period considering the primary,
aerator and secondary clarifier detention.
Also the COD and TKN may have included
materials that were chemically oxidized
but gave a poor response to siological
oxidation. The BOD gives the rapid
respiratory oxygen demand., COD plus

the oxygen equivalent of N (on the same
sample) gives a quick estimate of potential
ultimate demand.

This outline was prepared by 1I’. J. Ludzack,
former Chemist. National Training Center.
MOTD, OWPO. USEPA. Cincinnati,

Ohio 45268.

Descriptors: Analysis, Biochcmical Oxygen
Demand, Chemical Analysis, Dissolved
Oxygen, Wastewater, Water Analysis’

<N
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TABLE 1
BOD Tabulated Results - Reaerated Sample; Probe DO

9/3/70, 100% Sample

Hrs. Sample 1 N Sample 2 ) Sample 3
Date | Time[ TOC [ Incub || DO | ADO | £aDO (|- DO | aDO | £aDO || DO | aDO | £aDO
9/3/70 | 1340 [ 24.0| @ 6.7 6.7 6.8
9/3/70 11355 | 24.0| o0.25 || 6.7 - 6.7 - 6.8 -
~-...8/3/70 | 1620 | 22.0] 2.6 6.5 | 0,2 0.2 6.5 0.2 0.2 6.6 0.2 0.2
974/70 11010 | 20.2} 20.5 || 4.8 | 1.5 1.8 ||.4.7] 1.8 2.0 || 48] e 2.0
e ’ ) : 8.3 : 7.8 )
9/4/70 | 1600 | 20.6| 26.3 7.4 {0.8 2.6 7.5 | 0.8 2.8 6.9 1.0 3.0
9/6/70 | 1340 | 19.5] 72 1.0|6.4 9.0 1.5 8.0 8.8 11|58 | 838
: ] HET] - B1 : 7.4
9/8/70 | 0940 | 19.8]116 0.6 [7.5 |16.5 0.5| 7.6 |16.4 0.4 7.0 | 15.8
. . 8.6 7.8
8/9/70 | 1235 | 20.0]143 11|75 |24.0 1.1) 6.5 | 22.9 0.0 0.4 | 18.2
: 8.2 B2 7.8
9/10/70] 1200 | 20.0]166 lo(72 |32 1.2 (7.0 | 28.9 2.0(5.6 | 21.8
: : 8.2 B.6 8.0 )
9/11/70{ 0800 | 20.0]186 12170 [38.2 L1775 |37.4 {2060 | 27.8
8.4 8.3 8.5
8/11/70] 1400 | 20.0]192 5.0 13,4 |41.8 5.3(3.0 [ 40,4 5.7/-2.8 | 30.6
ENY 8.4 |, : 8.6
9/12/70] 2035 | 20 ~|222 0.5 |76 |49.2 0.6)7.8 [48.2 || 0.4] 8.2 | 38.8
N . 8.2 8.2 8.2 .
8/13/70( 1130 | 29.0{238 8.3 |19 {511 3.8( 4.4 | 52,8 4.6 3.8 | 42.4
8.3 .l BE 8.3
8/14/70 1200 | 20.0,262 " || 7.0 | 1.3 | 52.4 6.9] 1.5 | 53.1 0.9] 7.4 | 49.8
8.3
9/15/70. 1340 | 19.6|288 5.7 | 1.3 |53.7 6.2 0.7 4 53.8 4.5| 3.8 | s3.8
o . 8.2
8/16/70| 1200-] 19.3.310 5.1 10.6 |54.3 5. /{ 54.2 7.2| 1.0 | s4.e
*9/20/70| 1240 | 21.6!480 3.8 | 1.3 | 55.6 4.6 1,2 |554-]|| 4.0] 2.3 | s6.9

* Incubator power off
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TABLE 2
ACTIVATED SLUDGE RESPIRATION DATA DO PROBE TECHNIQUE

Time Temp DO ADO Samplé
Series 1

-

240 100 ml Return Sludge & Effluent

24,5

82 + 1 ml Nutrient agar

OWDHOW-22ONT=2OL=DATNDNDIN
[}
»ofoooo
DD DD

"u

1.0

24.8 - Series 3 +1ml HgCl2 Soln

Nil

24,2 Series 4 100 m] Sludge + Influent
1.3 -
1.3

1.3 . "
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EFFECT OF SOME VA‘RIABLES. ON THE BOD TEST
. . . - *.

- T . ..

I TIME,

A The coinmon egdation y¢ = L (1 -.lo-kt) for
BOD relationshlp indicates time as a

variable. The rate coefﬁc_ient (kl)indica!es

that a specific percentage of material
initially present (oxygen) will e used
during a given time unit. Each successive
unit of time has less reactant present

initially than the preceding interval, hence

a definite precentage decrease results in
successively smaller amounts of reactant
use per unit of lapsed time. Increasing
kj results in a larger percentage oxygen
use per unit of time and also increases the
change in reactant mass among successive
time intervals.

B Adney's work [or the British Royal Com-
mission cited 5 days passage time Irom
source to the ocean as maximum for
English streams. The 8th Report (1909)
largely established BOD philosophy in- -
cluding the 5-day interval. At 5 days,
initial lags generally have terminated and
a substantial fraction of the long-term
oxygen demand has been exerted. If only
one time interval can be used, 7 days
permits better scheduling. Any one time
interval is "a" fraction.of_the total oxygen
requirement; this is a poor reference
point if we do not know how it arrived.
For example, the percentage of '
Qxidizable material stabilized in terms
of oxygen use at various rate factors
are:

% oxidized,

k, (log,,) in 5days Kj (log }
o.bs * 10 ‘42% ol e
0.10 67% 0.23
0.15 84% 0.34
0,25 949 0,57
0, 50 90+, 1,15

,~ Thisrang(K = 2.3 k) s 'commonly en-

countered in wuswwater stabilization with

the higher rates characteristic of fresk, oxi- v

dizable material that is readily converted.

CH.O.bod, 56d.11.77

C

,

The lower coefficients are characteristc,
of cell mass at later stages of oxidation
and of low-rate reactants in general.

The oxygen utilization at specified inter- -
vals of time are required to estimate K,,
and L, the estimate of oxygen use at
infinite time. It is cornmon to observe
results at equal intervals of time but

this is not essential as long as

the time intervals are accurately known,.
The initial time periods are critical as

an error of .a fcw hours in time represents
arelatively large change in reactant mass
in a system at maximum instability. Un-
equal time periods can be plotted to define
the curve from which any given intervals
can be selected as desired.

Increasing impoundment of surface water
provides more time for stabilization of
relatively inert soluble or suspended
pollutants and for organism adaptation

to the situation or pollutants. ' Long term
BOD's are essential to indicate changes
in the'pattern of oxygen demand vs. time.
It may be expected that one or more
plateaus will be evident in the BOD curve
followed by a temporary rise in rate
during second stage oxidation or thereafter.
Anaerobiosis may cause a rise in rate
coefficient after aerobic conditions are
re-established. Eventually kl stabilizes
at very low values.

1 Rate coefficients tend to be difficult to
interpret during long term BOD's

, because of progressive changes and

other factors.

a The relative error of the DO test may
be a large fraction of the incremental
DO change during low rate periods.

b Cell mass may agglomerate under
quiescent test conditions and decrease
nutrient availability.
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It i not likely thgt redycled nutrients '
under aerobic tedt conditions will -
have a8 much effect as recycle from
anaerobic benthic deposits in a |
stream.

0

2 The BOD result tends to underestimate
deoxygenation relative to surface water
behavior because of intefchanges,
turbulence, biota. and boundary effects.
Reseeding does not occur in a sealed
bottle but reseeding is inevitable in a
stream or treatment unit.

a

TEMFERATURSE
Effect on Oxidation Rate

Temperature is one of the importi,mt con-
taolling factors in any biological system.
In‘the BOD reaction, . changes in tempera-
turey roduce acceleration or depreasion
of the\rate of oxidation, Figure 1 shows
the changes in the value of k at tempera-
tures from 0 - 25°C on a common
wastewater,

1

B Test Temperature

In the BOD teat procedure an arbitrary
temperature is usually selected for
convenience even though a wide temperature
range exiats under naiural conditions,

Incubation of the test contalners at 20°C
“for the wholeperiod ia now accepted
practice in the U,S,; 18.5°C fs preferred.
in England. Camp (ASCE, SAS 91:1, Oct.
65) recommended light and dark bottle
immersion in the stream.

c Temperature Correction

When it is neceasary to calculate the rate
of oxidation at a temperatuice other than,
20°, the following relationship may be
used;

VALUE OF "k"

B: g Zooen ]
. % u
0. 05 b
0, 04 ]
0, 03] -
0.02 T
‘ o 1 L 1 1 k.

E) L) " » [ £ 1Y «

ogentes ¢
VARATION 1n 1" WITH CHANGE IN TEMPERATURE

where:

k, = rate coefficient at temperature T1
k, = rate ftcoefficient at temperature T,

0 = temperature coefficient, for which
Streeter and Phelps obtained the value
1.047. ©changes with temperature; it
appears to be higher in the range of .
5-159C than in the range of 30 to 400C,
The value given refers to 15-300,

The cited temperature coefficient appears
r ble for h hold wast It thay
not apply for other waates where developing
or séed organisms may not tolerate tem-

-perature changes as readily. A given .
- temperature coefficient ghould be checked

for applicability under specified conditions.

pH

The organisms involved in biochemical
conversions apparently have an optimum
response near a pH of 7.0 providing other
environmental factors are favorable; a pH
range of about 6.5 to 8.3 apparently ia
acceptable (Figure 2), Reactivity ia likely
to be significantly lower on both gides of the
acceptable pH range but microbial adapta-
tion may extend the limits appreciably. *
For example, trickling filtera have operated
with better than 50% treatment efficiency

at pH 3 and 10_after adaptation.
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o pigure 2

-3
3

‘4 [ pH 8 1

B+Adjustment of Concentrated Samples

When wastes are moré acld than pH 6.5 or
more alkaline than pH 8.3, adjustment to
PH 7.2 i{s advisable before reliable BOD
values can be obtained.

C Dilution Samples

v

S.o-AL

Standard dilution water is buffered at pH
7.2. Sample-dilution water mixtures should
be checked to make sure that the sampl
buffer capacity does not exceed the capacity
of the dilution water for pH adjustment.

ESSENTIA L MINERA I: NUTRIENTS

Importance

In 1932 Butterfield reported on the role of
certain minerals in the blochemical oxidation
of sewage and concluded that deficient
minertls often upset metabolic response.

In addition, he found that inadequate nitrogen
and/or phosphorus was a common cause of '
low BOD results in industrial wastewaters,
vmgure 3) .

240 ¥ T T T T T T T
Figure 3
200 s Normal
§ o) l_
G ‘o v . LackingN & P
H
] o
sof-
o L ] 1 1 1 1 i L 1
o 1 2 3 4 3 & 1 8 9% 10
Time in Daye

Effect of Miners! Nutrients on BOD

Et‘fecl of Some Variagles on the BOD Test

B

Standard Methods Dilution Water

The dilution water specified for the 80}5
test approximates USGS estimates for:an

‘average U, 3. mineral content of surface

water except for added phosphate buffer.

It is assumed to provide essential.mineral
nutrients for most wastewaters but-cannot
be expected to meet requirements for
grossly deficient wastewater nutrients both
mineral and organic. Ruchhgft (S.W.J.
13:669, 1941).summarized committee dction
leading to the present dilution water.

Other Dilution Considerations

There is a trend toward the use of recelving
water, storage-stabilized if necessary, to
evaluate waste behavior. It is advisable

to minimize dilution and consider the
nutrient level likely in the recelving water
as most valld. Any ¢hange in the environ-
ment, such as dilution, upsets the
microbial balance and requires adaptive

changes.

MICROBIOLOGICA L POPULA TION
Need for. Complex Flora and Fauna

Butterfleld, Purdy, and Theriault (Pub.
Health Rep. 393, 1931)demonstrated that
an {solated species of organisms was not

-as effective in blological stabilization as

a varlety of specles. Flgure 4 summarizes
some of their data. Bhatta and Gaudy
(ASCE, SA3, 91:63, June 1965) reinvestigated
this factor. Many studies have emphasized
the need for a mixed biota in the BOD tést.
It appears that bacteria are capable of
varied activities, but all species are not
capable of synthesizing all required nutrients.
Certain bacterial specles may be capable
of producing enzymeés, amino acids, or
growth factors needed for their use and by
other specles for optimum performance.

It has been shown that oxygen dernand
becomes minimal when some limit of
bacterial population has been reached.
Predation prevents such an approacii 10
miximum numbers and maintains a con-
tinuing bacterial growth and recycle of
nutrients among a mixed population. The
net effect is a symblotic 1 elation among
mixed organisms tending to enhance the
rate of stabilization or utilization of

_oxygen as in the BOD test.

/
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B Organism Adaptation

1 Early investigations in relation to the
BOD test considered domestic wastewaters
primarily, The saprophytic organiams
involved in stabilization either were ~
present in adequate numbers or quickly
multiplied to attain effective populations,

2 The period of adjustment required to
Shift enzyme production needed to utilize
an energy squrce different from that
previously utillzed or to shift population
variety from that favored.by one food to
that favored by another food is con-
sidered an adaptation period. Dilution,
temperature, oxygen tension, pH,

« nutrient type, inhibitory substances,
light and other changes all are common
inducements for microbial adaptation, )
Mutation of organisms may be encountered
during adaptation but usually i{s not a B )
factor, T

3 The developments in industry and
technology have resulted in discharge
of new and more varied wastewater
constituents, Microorganisms may
adapt themselves to the use of a new
" substa.ice as an energy source providing
the en¢rgy and environmgnl are favor-
able. The receiving stréeam usually shows
.develogment of an adapted microbiota
for a new or different discharge con-
stituent within hours, days or weeks
after fairly regular discharge, The
time {>r adaptation depends on the nature
* of the constituent, available energy,
tolerance of the organisms, and environ-
mental conditions,

Seeding

The amount of seed and its selection must
be determined experimenatally. The most
effective inoculant would be that which
would produce the maximum BOD response
with minimum lag period and negligible
seed demand. This would mean some
maximum population adapted to feed and
ddnditions at a minimum equilibrium energy
nutrient supply.

%
o

8-4

~

1 Figure 5 indicates corrected BOD
progression on a synthetic Teed with
river water and stale sewage inoculants
at several concentrations. The river
water résulted in Figher BOD with
negligible lag and seed correction. The
seed correction at 20% concentraliqn
of inoculant was less than 0.3 mg. -

- DO/l at 5 days. It would be possible to
use this river water as a dilueni withcus
excessive oxygen loss to produce more’
-valid BOD progression for that recelving
water.' The lower wastewater inoculant
concentration resulted in a definite BOD
lag. Higher wastewater concentrations
produced comparable BOD progression
earlier but resulted in high seed -
corrections and lowered availability of
dissolved oxygen for the sample.

A good secondary treated efflyent
produced results similar to river water
inoculation with higher seed corrections
per increment of applied inoculant. °
+8oll suspensions also are very effective
'sources of seed organisms with minor .
seed corrections if they are reasonably
stabilized surface solls, °
3 It appears that the BOD progressioh.’
most nearly indicating receiving water
oxidation would be ohe based upon *
recelving water dilution or .inoculated
with organisms from it. .

4 A new or unusual wastewater may
require adapted organisms not present
in sufficient numbers in the recelving
water. Development of an adapted seed
from soll suspensions, plant effluents
or recelving water may be necessary to
evaluate oxidation potential in a plant
or recelving water at some future time,
Enrichment culture technique is bene-
ficlal where small concentrations of the
test wastewater are applied regularly
with increases in wastéwater concen-
trations as BOD or respiration activity
indicates increasing tolerai\ce and
oxidation of the test waste, ‘Both time
and concentration limits are useful to
characterize the wastewater and {ts
acceptahlility for blological stabilization.
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5 It must be recoéniied that BOL
progressions are inost likely to err
. on the low side. A meaningful BOD
. test should seek the htghest consistent
oxygen demand f{easible for sample and
contlitions. . -
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. A}

D Algae

When large numbers of algae are present
in surface waters, they produce significant
changes in the oxygen content, Under the
influcnce of suolight excess vxyZgen is
produced while a net deficit occurs in the
dark. The result is a wide variation in
surface water DO depending on sample
time. ‘

When streamn samples containing algae are
incubated in the laboratory the algae
survive for a time, then die becauge ot the
lack of light. Short-term BOD determina-
tions may show the influence of oxygen
produtction by the algae. When the algae
die, they releas¢ the stored organic load
for recycle and increase the BOD. There-
fore,” samples incubated in the dark may
not be rapresentative of the deoxygenation
process in the stream, since the benefits
of photosynthesis are lacking, Conversely,
samples incubated in the light, under
conditions of continual photosynth. sis,
will yield low BOD values.

The influence of algae on BOD is one of
the most difficult variables to evaluate.
Alore research is needed to develop
satisfactory methods for the accurate
determination of BOD in the presence ot
layue numbers of algae. Light and dark
bottle incubaticns suggest the ma';,milude
of effects.

IV TONICITY®
A LEffect

, Since satisfaction of the BON is accom-
jplished througe. the action of microorgan-
ism}, the presence of toxic substances

“will result in depression of the oxidation
rate. In many cases, toxicity will,
produce a lag period, until tolerant
organism activity becomes significant.
Figure 6 shows the effect pf cyanide on the
ROD curve. A prominent lag period ls

« exhlbited in the 2 ppm curve, while at

110 ppm the lag extends beyond the fifth day,
An activated sludge may be adapted to work
effectively in aegradation of 60mg CN/1,

AN
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ppm 1OD

o010, 21111 I V6 W
° 1 2 3 ) s
Time ia Doys
Eftuct of Cyanide on BOD of Domestic Sewsse
3% Sewage 1 Formula C Dilution Weter}

Figure 6

Heavy metals have similar effects depending

on history and environment. The effects of
copper and chromium are {llustrated in
Figure 7.

men: e

«
coppr;

EIFICT b ity gy on bab

°I=‘igm-e 7

B Detection

.

In la%oratory deterininations of BOD the
absevce of toxic substances including
chloritie must be established before the
results can be accepted as valid,
Comparison of BOD values for several
dilutions of the waste will indicate the
presence or absence of toxicity. In Table 1
the calculated BOD for the dilutions show
higher values in the more dilute concen-
tratiof’s. It is apparent that toxicity was &
present and that the toxic effect was diluted
out at a waste concentratlonﬂ of 2% or less.

R —

Table I
Waste Depletion | 5 day BOD
10% 3.51 35
% .4,53 91
2% . 2,80 140
1% | 152 © 152
’ o.'sqi/ ;70,74 148

VI NITRIFICATION
A Mechanism

" The oxidation process, as exemplified by
the equation: ’

y=L-10%y

presumably involves the oxidation of
carbonaceous matter or 1st stage oxygen
demand, )

(o]

2
CHO CO2 +H20

The rate’coefficient is normally high, giving
nearly complete oxidation in a few days.
When nitrogenous material is present its
oxidation can be shown as:

) -9 -

. NHal— No, —° NO, .
Nitrogen oxidation may be delayed for
several days during BOD tests unless
suitable micro-biota are initially available.
Under some circumstances these two
oxidations can proceed simultaneously and .
the ;'esultant BOD curve will be a com-
posite of the two reactions.:

¢

yt=[Lc(1-10-k°t) s L k1-19'kut)]

where yt « the simul*aneous BOD of thg'car-
_bonaceous and nitrogenous ptases or ist and
2nd stage demands, . ’

ke and kp, = the rate coefficients appli-
. cable to the carbonaceous and nitrogenous
materials respectively.



O

ERIC

Aruitoxt provided by Eic:

Effect of Some Variables on the BOD Test

L _ and L = the ultimate oxygen demands
cfaractefistic of the two phases respectively.
This is the general formula for any system
characterized by two simultaneous reactions.

Principal conditions governing simultaneous
carbon and ritrogen oxidation:

1 Presence of an effective nitrifying
cultur= at the beginning of the test
interval (nitrifiers grow relatively
slowly).

2 Ma=aintenance of adequate DO, believed
tv be a minimum of 0.5 to 1.0 mg/l
for nitrifier activity.

3 Available nitrogen - in excess of that
required for synthesis. This is believed
to require a minimum of about 7 mg/1
to support active nitrification on a
continuous vasis.

4 Nitrifiers appear to be more sensitive
to toxicity than most saprophytic
organisms, hence are likely to be
inhibited more readily. This is
particularly evident during nitrite to
nitrate conversion.

It may require 5 to 10 days to establish

nitrificaticn if the population was not

nitrifying initially. This is the hasis for
the sequential carbonaceous' and nitrogenous
oxidation of sewage oxidation.

"1 Effe 5 on the BOD curve indicate a .

typiczl pattern such as in Figure 8.
The influence of nitrification in the
production of a e~~ondary rise in the
BOD curve is so well known that any

- secondary rise may be erroneously
attribiited to nitrification whether or
not nitrification was involved. Actually,
a secondary rise in the curve may be

L4

due to any oxig:latiox'l system assuming )

dominance after the initial oxidation
system has béen completed.

2 The nitrification phenomena occurs
simultaneously in many streams,
reated effluents or partiaily stabilized
samples. The designation of a secondary

r

EOD rise to nitrification should be
based on analysis, not curve shape. -

C The extent of nitrification is conclusively

shown only by periodic analysis of
ammonia, organic, nitrite and nitrate
nitrogen. The conversion of ammonia
and organic nitrogen to oxidized nitrogen
is a definite indication of nitrification.

Nitrification Inhibition

Plant officiencies from a BOD standpoint
can be erroneous because nitrification
generally is not established during the
usual incubation of influent samples but
mnay be a major factor in effluent
incubations. It requires about 2 times
the oxygen to convert NH,_ -N to NO3 -N
ac to convert C to CO, hénce this is'a
ma)or fraction of stream oxygen use.
Most secondary treated effluents are
characterized by a larger fraction of
carbon than nitrogen removal which
accentuates the problem.

Pasteurization of samples, methylene
blue, chromium, and acid treatment
followed by neutralization have been used
to inhibit nitrification for estimation of -
carbonaceous BOD only. Any inhibition
of nitrification also produces a change in
the sample or its behavior and may
partially inuibit carbonaceous oxidation.
Nitrification is a factor in stream self-
purification and treatment. It does not
appear realistic to alter it for convenience.
The most realistic approach to carbon-
aceous vxidation is the measurement of
CO or COD. .
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VIO EFFECT OF DILUTION

When a series of dilutions are made on a
BOD, sample usually the results vary to the
extent that only an approximate BOD value
is obtained.

Table 2

INTERPRETATION OF BOD DATA

Sample conc. DO Depletion | BOD

Inital 8.2 - -

Final: N
1% 5.5 2.7 270
2% 3.3 4.9 245
1% ., 00 i Complete] - -

A For example, inf Table 2, 1%, 2% and 4%
concentrations of sample were used. The
4% concentration became anaerobic before
the end of 5 days. The 5-day BOD of the
1% concentration was 270 and that of the
2% concentration was 245,

-B Statistically one value is more reliab:.

than the other.

Dilution DO depletion
1% 5.5 mg/l
2% ) 3.3 mg/l

Difference 2.2 mg/l

The difference in depletion between ! and
2% dilutions is 2.2 mg/l. This difference
may be attributed to an additional 1% of
'sample added to the original 1%. If the
difference is multiplied by the dilution

- factor of 100 to obtain the BOD, the result
is 220 mg/1.,

1 We now have three estimates of the

-~ . -BOD on a one percent concentration
basis’from the two dilutions:

a the actual 1% depletion gives 270
b 2%/2 depletion gives 245
c (2%- 1%) depletion gives 220

Statistically the probabilities of being
nearer the actual value goes with the
nearest two of three. The 4% value
of 8.2 depletion/4 as 8 minimum
possible BOD 1% concentration gives
a BOD of at least 200.

There is the possibility that higher
concentrations may reflect significant
toxicity while lower concentrations
tend to reflect a greater proportion of
dilution water. The toxicity problem
does not appear to bé significant gince
the 4% sample concentration in_icated
a BOD of at least 200. The higher.
BOD at 1% sample concentration may
be due to a contaminated dilution water
or to the fact that a similar number of
seed organisms had less faod and
utilized certain fractions that they had
passed by when they had more choice
with the 2% sample concentration.

Data is insufficient to resolve this one.

Incubations having a depletion of at

least 2 mg DO/liter and a residual of
at least 1 mg DO/liter are indicated

to be most validu). Both the 1 and .
2% concentrations fit this requirement
in Table 2. An average error of

+ or -0.1 ml on the DO titration would
have a smaller relative error upon

the 2% depleticn.

We have a reasonable presumption
that the sample BOD of ahout 230 was
a good estimate. We do not have an
unequivocal basis for go stating,
Possible variations in results with -
different dilutions of a given sample
are subject to many uncertainties in -
the test routine. .

If some cause is known ~ such as a
titration eror, the inclusion of ex-
traneous substances producing high

or low response, or a definite procedural
error-that rules out a valid estimate of
the sample BOD- that result should be
labeled as a Jost cause or unreported.
Otherwise, report what was obtained
to the besi of your ability with the
provision of uncertainty for uncon-
trollables.
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~ . : Part 1

I FUNDAMENTAL CONCEPTS

For a number of yevars, the oxidation of
organic waste substances in surface waters
has.been under investigation. The first re-
poried obscrvation of oxygen depletion was
on the Seine River below Paris (1877). Other
studies followed in Germany, England and
the i.S. Certain fundamentals are now
universally accepted. These are:

A Dissolved oxygen in the water is reduced
during stabilization of the organic material.

B As long as dissolved oxygen is present,
the rate of oxidation is independent of the
actual amount of oxygen available.

C The type and numbers of biological forms
present-is-an important -factor.

D Measurement of changes in oxygen content
can be related to quantity and character -
of oxidizable organic matter.

1I FIRST ORDER RATE CONCEPT .

In order to illustrate the mathematical
relationships in the BOD reaction, assume
the following laboratory observations:

A A set of replicate bottles is filled with
river water and sealed so that outside
air is excluded.

B Each day, one of the bottles is analyzed
for DO content, and the results tabulated.
{See Table 1.)

It will be noted that on cach successive
day, the DO concentration is less than

the day before. That is, oxygen is being
consumed by biological or chemical :
action in the water. .FThe oxygen residual
when plotted against time forms the. .. _
dgoxygenation curve (Figure 1).

The oxygen demand or BOD curve is re-
presented by the summation of obscrved
oxygen depletions vs time-{Figure 2). This

o

v

- . .
Table 1.
0 Oxygen depletion
Days
2 po Per day ’ Cumulative
0 9.2 - 0. - .
) 1 P . 1.4 1.8 1.8
2 . 5.8 1.6 3.4
3 4.6 1.2 4.6
4 3.7 0.9 5.5
5 2.9 0.8 6.3
- 6 2.3 0.6 6.9
7 1.8 0.5 . 7.4
8 1.5 0.3 | PR A -
9 1,2 0.3 8.0 -
10 0.9 0.3 8.3 -
= 1
=
CH. O. bo'd.58c.ll.77 _,03 ou1
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Figure 1

is an inverted representation of the de-

oxygenation curve. Inclusion of the daily

equilavents of oxygen demand in Figure 2

shows that increasingly smaller amounts

‘of exygen normally are used during each
" ‘successive day; --= - o s

If the reaction follows a_lst-order

rate system, a constant percentage of the-
oxygen present at the beginning of each

day will be used during that day. There-
fore, the rate coefficient (K in nat. log.

or k. inlog)q) is constant from day to day.
Ky =123 k). , -

Similarly, the organic matter present in «
the sample is being oxidized, so there is
progressively less oxidizable material
present each successive day. The rela--
tionship between oxygen demand and the .
amount of oxidizable material present.
can be stated as follows: The oxygen
demand per unit time is proportional to-
the amount of unoxidized material present.
Streeter and Phelps( 1, 2)gtated the concept
- as * the rate of biochemical oxidation of -
organic matter is proportional to the con~
centration of unoxidized substance,
measured in terms of oxidizability. Such.
a rate is termed & First Order Reaction
Rate. The same authors also stated that
there is no'logical reason to expect one
" rate coefficient but it may appear o
of crude measurement and the effects of
many individual oxidation systems.

.

. " —
7.0 4
8l A
: ram
8l /'
2 fent
E jo0 ] 3=3 DATS
& OAILT DIFFEEINCE 1N SLACTANT
S [se /
-
. 1/
./}
] t] 3 & 3 a L L o
TENE N DATS

Figure 2. INTEGRAL BOD CURVE

The curve as shown in Figure 2 jg a
typical BOD curve. When interpreted in
light of the fundamentals previously dis-
cussed, It is apparent that:

7777717 With ofganic materials which are "
easily oxidized, the reaction proceeds
raridly, nearing stabilization in a
few days. Thé curve is therefore

steep..rapidly approach.,; a maximum, -

2 vAs oxidation nears completion the BOD
curve will approach a limit or maximum
value that can be represented by a line" -

. above the time axis and parallel to it. *

This line represents the ultimate oxygen

demand (L) for the sample and condi-
tions of the test. The curvature of the
BOD line as it approaches the maximum
is a function of the rate of oxidation.

3 The BOD test commonly is applied for
samples containing mixed components ,
N each of which may differ in availability
as a nutrient. The population of organ-
isms generally contains many varieties,
A progression of varieties occurs from
those favored by an excess of initial
nutrients to those favored by cell mass
and eventually to those tolerating a lo:
available energy level. .

¥
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4 This type of system may have apparent
characteristics of lst order reaction
mechanisms for limited poriods of
time. Itis likely that two or more lst
order mechanisms may oe apparent if
observation time, nutrients and condi-
tions are apprupriate. The data also
may be inteirpreied as a zero order, 2nd
order or rmultiple order reaction
mechanism. !* ig rot always possible
to prove reaction order nor is it essen-
tial t¢ do so. The mzin objectives are
to be able to estimate the ultimate BOD,
the amount of BOD remaining after a
given time interval and to objain rea-
sonable agrecrient among observed and
calcuiated data. ‘The first order
reaction concezpt provides ""a' means
to meet the necd without implying that
the reactions are necessarily 1st order
or that it is the only medns of approach.

I BOD EQUATICON

Using the typical BOD reaction cur ¢, it is
possible to develop equations expressing the
various relationships. Labeling the coordi-
nates as in Figure 3.

B0 e e e ot i i et o

'

390~ | -
. o= FEMANNG -
232 3 \ -

TIME IN DAYS

Figure 3

6

t = timc in da¥s
L = ultimate demand
L, = demand remaining at time t

y = demand satisfied at time t .

= fraction of L. remaining at time t

9 r]'_l"

= fraction of L oxidized at time t

The relationships may, be expressed as a
differential equation with respect to "t"

dL .
L - .kL -

m K (1)

where K is a rate coefficient for deoxygena-
tion as a loge. .

1n (LI:X) - -Kt g

changing to logw

Log;o 4537 = -t . )

Tuble 2 -
Equivalents in ti.e BOD E juation

BOD remaining at L-y Ly

time t

. . . -kt

¥'raction of BOD L-y/ 1. 10 .
. . L v/

rermaining ! .

Conversion of loge K 20k

to log 1n .

Fraction.of BOD 1-5¥ - :—‘ l-lo-kl

.—/' -
o 9-3’
T
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from Table 2 At this rage, 50 » of the demand will be

.2 . -kt ) ) exerted in the first two days, indicating
t-3 = 1-10 ) that the organic matter is readily avail-
o able as food for the organisms. In five
muitiplying both sides of equation (4) by days, 83% of the demand has been satis-
1: fied and in 15-days, the oxidation is

. -k ) essentially complete.
) = L - 107%Y . , .
The Jower curve represents the BOD of

rearranging and cancelling gives: N ;r:hl;lively _staglzssanlx:l:. ‘l;he [3]
E . . case is 0. 05. ive days
y=L( - 107Ky . 5 only 44% of the demand is satisfied ang
T at 15 days, there is still 17% of the
This is the usual form of 1he BOD-equation, material unoxidized: Note that at the
To avoid corfusion with othér "k" values, lower rate, it takes 15 days to accom-
the deoxygenation rate is usually written plish 83% oxidation, while at the higher
as kj and the equation becomes: . ;;lsel;e;hfns:,nd:yzercemage can be accom-
" “kyt
Y-'L(l-lo,l) (8) ;l-!irnxl:)l‘llllr T T
The componcnts in Figure 5 are as in III :_ i, [ 1 .
- where L is the ultimate oxygen demand at ol T e i et
infinite time and y refers to the demand gk i LT i ;
sansﬂed at time t. The term kj refers to B o | | 1 o R
a "velocity constant" in physical chemistry ﬁ.._ i ,i 1 4
" terminology. Section II B3 indicates 8 ol Cor - i ! 1
factors that result in system changes ? wl i i i ‘ -
during progression of the BOD test that ol -+ om ’_f ! -l
may affect the value of kjy. For this " i | ! :]
reason the term "rate coefficient" is used [ AT - I, e I S ¥ L R 4,
for ki to recognize that k; may not be a R oars .
"constant" except for lxmned time periods. EFFECT OF k RATE ON SHORT TERM.8.00.
. As given, k] is an expresasion of the slope - .
dL/g asa llog' an?"jw reiaiod to the B Figure 4
rate  of oxidation. ' )
The L value is a laboratory number re- ’ Lal:ora;rry tests on aTle BOD of waste, ' . :
garded as a theoretical rather than an ITxahen 8 are generally 5-day tests,
actual limit. The limit is useful for an the case of these two samples, the
estimation of the effects-of a waste upon standard 5-day interval would "p"“n"/
the receiving water \ﬂmre the total demand vas!ly different degrees of oxidation

~is more valid than a part of it as for

example a 5 day BOD. REMAINING

Using- the mathematical relationships estab-
lished above, a second BOD equation can be
developed. |

Y SIGNIFICANéE OF BOD CONSTANTS
A The effect of k 8 shown in
Figure 5//1/

The upper curve represents the BOD of a '
domestic sewage. The k; is 0. 15. . !

o
oo
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From Table 2: *

-LTL = 10-k1t = fraction remaining
ll'.i.‘flt X 100 ‘= % remaining
iog, o (1071 X 100) = log ;% remaining
further: .

log (101" X 100; = 2 - i

then:
~ log of % BOD remaining = 2 - kll N

Vil SUMMARY

The reiationships presented herein form the,
basis for development of engineering esti-
mates from laboratory data. Validity of the
estimate depends upon sampling, prompt and
correct BOD technique, judictious data
analysis, and realization that the laboratory
BOD test does not include many factors.”"
controlling stream behavior,

'

" Baumgartner.

Two examples of the estitnation of k and L
values are presented in Part 2, :which'begins
on the next page.
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MATHEMATICAL BASIS OF THE BIOCHEMICA L OXYGEN DEMAND (BOD) TEST B
T ESTIMATION OF k and L :

v " Part2 A

I Several methods are available that may - precisely the same values from given gata
give a fair estimate of k, and L providing but common sense approaches using mathe-
that the observed data pﬂ)ts in a form that . Matics as a tool rather than as a deity, will
suggests a first order reaction rate fit. The . produce useful estimates for resolution of -
fact that stream samples frequently copsist the problem. o .
of partially stabilized river water mixed /,/*
with varying amounts ot more recent waste- - . A
water additions leads to numerous situations II Useful methods of—derivmg ky
where observed data calculated as "a" first include the leasi squares method of Reed and
order reaction does nou give a gaod fit of Theriailt (Public Health Buneun 127, 1927);
observed and calculated data. The low rM Thomas Slope Method {Sew. Wurks J. 9,
oxidation of the aged material and;ggh,r e No. 3, 425, 1937), the Moments Method of
oxidation of the new material Y cannot Moore, Thomas, and Snow (Sew. and Ihd.
be explained in te M"mi“::d L. Wastes 22, No. 10, 1343, 1950) and the .

*  Rapid Ratio Method of Sheehy (JWPCF 32,

Mpremse enough to dis- No. 6, 646, 1960). The first three of
tinguish the infinite number of individual these presume a singe rate coefficient .
rate systems included in deoxygenation of and do ngt give a good fit of data when de-
a mixed wastewater by the mixed organisms- oxygena.tion fails to follow the pattern. Cer-
involved. The persistence of the one first tain other factors enter the. picture even
+—order reaction rate -concept (incorrectly . when the curve apparently follows first

called 2 monomolecular rate) partially is due order characteristics (Ludzack et al, Sew.
to the practical limitations of the test. High and Ind. Wastes 25, No. 8, 875, 1953).

. assimilative oxidation rates generally have Sheehy's procedure elucidates the dis-

" been partially completed in the sewer, during appearance of high rate components during
compositing or sample storage before BOD early stages and can be very useful for
analysis, or in'the receiving ‘water. Remain- rapid calculations. . .

'ing deoxygenation may take the form charac- . .
teristic of cell mass and storage products, . - The dauydiflerence method outlined by
(endogenous oxidation) which for a few days Tsivoglou (Oxygen Relations in Streams, .
shows a k; of about 0. 1. If the observation SEC Tech. Report W-58-2, p. 151, 1958) -
period was extended beyond the usual 7 to is an adaptation of Fair and of Velz methods
10 days for rate estimation a progressive . and gives a graphic picture of observed data °
change of k, would become apparent as the and predominant rate changes with time, -
more oxidizagle components disappear and The method is rapid, versatile, and gives a

“relatively inert biological or.other residues great deal of infermation in a simple package
became a larger and larger fraction of the that 18 readily siusembled. This technique

" total oxidizable mass. The increased im- was used to {llustrate its applicability as

' poundment of surface-water makes long-term "orR' meang of ostimation.

deoxygenation more and more significant.

A Using the data given in Table 1, Part 1.
The computed k) and L are a result of the
selected measurement routine, past history

of the sample, and the manner of processing 1 Ploty vs. ton cartisian cnordinate °
the result. The validity of the estimate Paper. Draw a curve of best fit through
depends upon engineering judgment and a the observed points, including lags,
realization of the variables and effects plateaus, if any, ‘o get a picture of
_involved. No two individuals will derive the deoxygenation curve. If a2 majority

of observed values describe 2 smooth *

. . GA; . e
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Estimation of k and L

. . -

- progression, those that fail to fit riay : 6 It is advisable to check arithmetic on
be uogsidcred erratic and curve values tne work sheet by comparing the sum
may be used for subsequent operations. , - ut the daily differences in Table 1 with
Lags-should be eliminated by curve  tunat resulting from the line of best fit

_ —--Titting and taking the observed points " in.gure 5. In Table 1: 1.8+ 1.6+

- after the lag termination. (Figure 2) 1.24+....+0.3= 8.3 in Figure 5;
: 1.88+1.50+ 1,20+, ..., +0,26 =
2 Plot the daily differences, corrected . 8.4, Since the difference in sums is
if necessary, on semilog paper “with - 1 part in 84 it is apparent that serious
time on the linear scale and the daily errors did not occur inaritlimetic or.
difference on the log scale. The : plotting.
differences are conventionally plotted 3 -
as 1/2, 1-1/2, 2-1/2 days, etc. to 7 From Figure 5, the number at-the zero
illustrate interv+als rather than-points. intercept of the daily difference slope
(Figure 5) _-is a function of L., Other intercepts
. are a function of I using equivalents Y
3 Examination of Figure 2 shows identi- in Table 2. The number representing
cal daily differences for the last 3 days S L at 0 time = 2, 1; the number repre-
or kj = O for that interval in Figure 5. ~ senting Ly when t = 10 is C. 23." The
That is unlikely considering the short percent BOD remaining whent = 10 is  *
period of observation and the results - . L¢/L x100or*
of the first 6 days. 0.23x100 10.9 or 11%
. 2,1 - )
4 It may be assumed that deoxygenation *
follows a smooth curve after consider- 8 From equation 7:
ing possible lag periods or multicom- -
ponent rates operating in combination - I.og)p of the % BOD remaining = 2 -kt
or sequentially. Daily differences, . .
therefore, should be calculated from a The Log jg of 11% = 1,04 and t = 10
line of best fit such as Figure 2 rather then 1,04 = 2 - k| X 10 -
than from the individual points included . . ‘
in Table 1 which may be affected by - ork]=2-1,04/10= 0—19(;; = 0.096 or
experimental error. . 0.10 M
5 Figure 5 is a plot of the daily differences 9 From equation 6: '
from Table 1 on the log)g scale vs . .
time on the arithmetic scale. The C oy LA1- 107k =L (1 -—II‘}-‘)
corrected curve of best fit was not used .
here to show the effects of the last 3 . From Table 1, y 10 % 8,3, and v
« points on the logarithmic pattern. The ) ..
slope of the line was well'defined on - (1- Ly ) =0.89 (Step )
the basis of the first 7 points. Note - L B
that the daily differénces are plotted . The ‘estimate of L. becomes
at the middle of the time interval, i.e., .
the deoxygenation occurring from 0 to ¥y.n=L(1- l‘_:.) or 8.3 = L (0, 89)
1 day appears at the 1/2day position | 10 L i
and that occurring during the second : -
~ day appears at-the 1-1/2 day posltion. ' L= % = 9,34 or 9.3 mg BOD/L.
L 3 . . L
Lo
9-7
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Estimation of k and L.

10°

The laboratory test gives estimates

of the rate coefficient or ki of 0, 10 and
of 'L or the Ultimate Oxygen Demand

of 9. 3 mg of BOD per liter of sample.
The data approximates a system con-
sisting primarily of the oxidation of
partially ‘stabilized cell mass and
storage products and plofs as a one
rate system during the observation
penod . N

Equations 6 and 7 provide the funda-
mental relationships.and the equivalents
in Table 2 may be read from Figure-5,

B The data in Table 3 present a different
situation involving more recent
contamination.

days

©O © W a9 ;! bk W N

-

1

. interval on the arithmetic scale,

Table 3 . -
BOD
2.24
3.18
3.81 -
4.22.
4.56 -
4.88
5.12
5. 32
5.49
5.61

per day
2.24

- 0.94
0.63
0.41

0. 32
S0.24
0.20
0.17
0.12

The line of best fit of the observed
BODs in Table 3 are shown as a
smooth curve in Figure §.

Figure 7 shows the daily differcnces

on the semi log scale vs the time

The
line ab is a reasonable fit for the slope
described by 5 of the 7 daily differences
after the 3rd day. It is.apparent that
the curve in Figure 6 cannot be
describéd as one first order reaction.

0.34 *

]

-ab are 1.55, 0..3

The differences araong the first 3 ob-
served daily differences and the line
and 0. 14 from
Figure 7. U the differences are plott-
ed on Figure 7, {coded as x) a new
rate cd can be estimated that gives a
reasonable fit with 2 of the 3 intervals.
The first daily difference is above the

" slope cd suggesting a 3rd rate group

higher than 2ab or cd. Since this would
be based upon a single point in 1 series,
in which some discrepancy is apparent
in Figure 7 with respect to line fitting,
it is advisable to regard it as a
possibility as shown by the graphic

but withhold judgement on the 3rd rate
group for further evidence. - The curve
in Figure 6 may be approximated by a
two rate system operan.ng simultan-
eously with one of the two nearly
completed in 3 days. /

Mathematically, this situation may be
axpressed as: EI

- - 10”¥cd _ 10" kab
Yt =L 1~ 10 ‘)+Lab(1 107 kabYy o

=L (1.\2

=

where LL

):+Lab(1-—)

“ed Lcd ab

may be obtained from

Figure 7 at the designated time'‘intervals
for each slope.

4 From Figure 7 the zero and 10 day

‘2-1.24

£

intercepts of line ab are 0. 75 and 0, 13.

. 0.13 X 100

The %—IT: 075 - 17.4% BOD

‘remnigllng when t = 10,

The log 10 of 17. 4 is 1. 24,

I the log, . of the % BOD remalnlng =
2okt 0
= 1

then, 1.24 2 - kaIOandkb

0.76
) T = 0.078

A R v

v



Estimation of k and L . i

5 From Figure 7 the zero and 2 day

intertiepts of line cd are 1. 40 and 0, 22, ¥2=3.18-0.29x2.20r 3.18- 0,84 = 2, 34

o s SBXIO. 5oy . YL :
cd ’ . . Led = 587 = 2-9 mg BOD/I instead of 3.8
remaining when t = 2. The logjg of - . .
15.7 is 1.20 as in Step 3: " A second approximation of L;, would
N _2-1,20 _ 0,80 _ 0.40 . raise the estimate of L, because
ed 2 ) . - ) Ylob_56-29-~.|and .

2,
Lab' 0. 826 = 3. 250!‘3 3 mg BOD/1 .

6 From the relation in B2, L4 may be
. approxxmated by substltutmg the ob- and an estimate of the L’ values of the
served value for the 2 day BOD in , sample plotted in Figure 6 wou_ld be .
Table 2 or 3. 18. The fraction of Lt 2.9 +3.30r _5- 2 mg BOD/ titer. B .
i .
0.53° ab C The substitution of the*derived values for
from zero to 2 days is 975 °F 0.71 . the appropriate and ultimatg oxygen .
and (1 - _1. ) = 0.29, therefore the . demand into the expregsior given in Bp*
N ab should give values comparable to.the ob~
use of the 2 day observed value for . served BODs in Table 3 or Figure 6.
line cd is incorrect because 0. 29 L Further, it should be possible to approxi~
is included in the observed value. ab . mate curves Yor the individual rate systems
Since L_, is unknown, the first estimate -, ‘i0 obtain daily vectors, the sum of which
of L, &8 be incorrect, by the value would compare with the obberved points. .
of 0% L p but may be approximated For example; .
later. 7 ‘e -
. T Yy EL - 107kedYy L,,(1 -~ 107kt
UY, ,=L_,(1-X) Wherey, =318 ) -
ed Ted Leog Where L,y 2.9  andk_ , =0.40
. andl‘#- = (: :(2) then 2 high approxi- : L ,=33 and k , =0,076

KfP _+ab L

N &
and 10 may be approxinmted by —L'-

mation of L becomes:
- from Figure 7. (See Tgble 2)

" 5.1B=L., x 0.84° : oss : 0.63
cd . = - -
o i . 1 ¥=2.90-7320)+2.30 6_‘75)
= or 3.8 mg BOD/L. ¢
cd " 0.84 : :2.9xoso-+=33xo.|s . -\
7 A similar approxxmation of Lap may be - . .
‘set up for t = 10 wherethe observed . ., =1.74 4+ 0.83 = 2,27, ubserved =2, 24
Y10 from Table 2 of 5.6 is corxected - 0 22 0.53
by substracting Log which should be 2 Y2=2.9(1- 46! +3.3(1- —E)
" almost complete by 10 days. Y . .
becomes 5.6 - 3.8z 1.8 and 10ab_ ot =24 +o.g = 5.3 observed = 3. 1%
Lt (813 50974 ' : -
* 5575 . . R <0 0, 01 v. 41
L ) . 3.Y3=2.9£! )+33('-,-):7—5-\.
Substituting the appropriate numbers "22,8+1.3=4.2 observed = 2. 81
as in step 5; % V.
Loy = 3 bss = 2.180r 2.2 mg/l . 5 g . 0.31 ..
ab? 5525 ° 2-180r 2.2 me/l. . 4Y5=2.9+3.3(‘-m) ‘
. T 2.9+1.224,3 ° oberved 4.56
8 A better approximation of L.y is now . . B
possible assuming that the 2 day ob-, : ] . -
served va}ue included the following: . LS
e
i 9-9"

O
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5 ¥y

: 0.13
=2.9+3.3(1-m)

=2.9+2,7=5.6 observed 5.61

6 These data show a reasonable approxi~
mation of the observed BODs by a
reverse calculation from the derived
rate and ultimate BOD obtained from
them., The agreement wndicates that

+ approximations made were reasonably
correct and that the tomporite BOp _ _
curve in Figure 6 may be aescribed as
a 2 rate system ag indicated by the
BODs in Figure 6, The largest error
occurred in calculatiun of the com:
ponents for Y3 at the point in time where
the higher rate system was reing phased
out. t.urve fitting, approximations of
correction factors for estimation of L,

9-10 N

Matheraatics

s}

plotting, glide rule zand other errors "
‘contribute to estimates of k) and L in

= addition to the errors reiated to the
BOD test, :

An approximation of k; is possible

{rom 2 POD values obtained at diff>rent
intervals of time Ly using the data
presented in the Theriault Tables or

that given nomographically by tle chart
on the Rates of BOD Satisfaction, «

This cutliné was prepared by F. J, Ludzack,
° former Chemist, National Training' Certes
MOTD.OWPO, USEPA, Cincinnati, Okio 45268

Descrletors: Analysis, ‘Analytical Technigues,
Biochemical Oxygen Demanc, Data Handlin,
Graphical Analysis, Graphical Methods,
Mathematical Mocels, Mathematical Studies,

«
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" DAILY DIFFERENCES
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mg/f BOD

Figure 6, I BOD of the Data from Tafﬁle 2

X3=X +X2 _ ‘ A

TABLE 2

LINE ¢d FIGURE?7

3
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X2 o ' ‘

/

"

’f
x/ BODs AS DESCRIBED BY UINEab FIGURE 7
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Estimation of k and L - -
//// ,//Thex;iauh Table
- " NUMERICAL VALUES OF THE FONCTION (1 - 1075
— FOR THE RANGE k = 0,040 to k = 0, 250
Period of . Value of k
incubation .04 0.05 0.06 9.07 0.08 0.0% 0.10
(days)
1mcmeeaen 0.088 0.100  0.129 0.149 0,168 0,187 0.206
PR .168 0.206 . 241 . 276 .308 , 336 . 359
. 241 0.292 4339, - ,383, .45 »463 .409
1308 .369 .425 .475 .521 .563 .602
. 369 .438 .499 .553 .€02 .645 .684
. 425 .499 563 - .620 660 . 712 .749
.475 .553 .620 . 676 725 .66 . ,800
.521 .602 .669 725 71 .809 . 842
.563 .645 712 766 . 809 .845 .874
.602 .684 .749 .80 .m42 | .84 .900
637 .718 .781 .330 B LB .921
. 669 .49 - .809 . 855 eSS .917 . 937
L6908 . .76 .834 e .932 .950
.725 .800  .855 oL .945 . 960
T LT48 822 .874 TR .855 .968
. .842 890 .9iv o, L9564 975
.91 859 © 005 .933 . 256 .970 VL350
.809 .874 917 .94 .964 .976 €3
.426 888, .928 .953  .s70  .o8r .98:
.842 .500 .937  .960 975 984 . 990
21-emnni- . 855 .911 945 .966 .979 .987 002
22--«—--\ . 508 .921 952 971 .985 .990 . 094
. 880 .929 .95% .975 .986 ° .o .995
. 890 .937 .964 .70, .988, .03 .996
LU0 7 944 .968 .882°  ,090 .994 .997
Value of k '
{ncubation (6 N T .13 0. 14 0.15 0.16 0.17
(days) .
femememes 0,224 0.241 0. 259 0.275-  0.282 0,308 0.324
T .425 . 450 475 L4go 521 .543
.532 .563 . .503 .620 .645 . .669 .601
,637 . .669 699 725 .749 R .791
- n )
(2 .
x7
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Aruitoxt provided by Eic:




Estimation of k and L

Theriault ;' =kio

Period of T Valhin of k__ —
Incubation o 11 T T R 0 T B e
{days) .
“Gemimomen 718 748 .76 . 800 .822 .842 .859
Bommmmmn- . 781 809 77T H3g ", 855 .874 .890 . 905
| SR © .830 . 855 L8771 .895 .911 024 .935
. 868 . 890 .909 524 ,937 .948 .956
. 898 2017 932 .945 L 955 .964 .970 )
921 .937 ,950 960 . 968 .975 .980
.938 .952 - 967 .87 .18, 983 ,987
982 . 964 .972 L4979 .84 . 988 L 901
13emmnenen . .963 .972 . 980 R . 989 .992 .994
14-snecen- .91 .$79 . 985 \ote .992 . 994 . 996
- — .978  .ps4 .989 Len: .994 996 . .o97
- .983 .988 .992 L£94 ———- - -
987 . 991 . 994 .998 - ———- ———
.990 .993 .995 T — ——- ——-
.992 .995 LA .998 B T Zeme
.994 .996 - ogn 898 eiee T oe. -
Perlod of e of k ; .
Incubation 518 018 0.®m e 6.2 0.m 0. 0%
{days) i
PR 0,339 0.354 0,369 0,383 0,397 0,411  0.435 0.438
PI— 563,583 602 .620 .637 653 669  .684
Bememmees T 712 4,731 e . 766 .781 796 808 - ,822
PR . 809 .826 842 . 855 . 868 .880  ,.890  .900
' .874 .88 900 L911 .s21 L9029 937 Lom
.917 ,028 937 .945 .952 . 958 .934 968
.945 .953 960  .966  .oui .975 979 ,982
-96¢ 970 .975  .e70  .983 _ .986 . .088 .00
.976° 981 .984 .987 .990 .991 .993  .994 he
984,987 ,990 .92 .984  .995  .gog  .007
S R .990 -, 992 .994 .995 —--- ——-- . eee- -
12cmmenne ", 993 .995  .996 . 997 S, cm—— eeen
13=ecsonan . 095 .997 .997 .998 ——-e - ——--
14mmcmmmes  * _go7 .988 .998 . .999 EN— — -
Y J— . 998 .999 ,999 R ' —ee-
e .
»- (Q
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Estimation of k and L

RATES OF B.0.D. SATISFACTION

FOR VALUES OF K, FROM .05 T0.60
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I .INTRODUCTION

SOURCES AND ANALYSIS OF ORGANIC NITROGEN

A Organic nitrogen refers to the nitrogen in

II -

. ~B

III

combination with any organic radical.

For sanitary engineering the main interest

is the nitrogen contained in proteins,

peptides, amines, amino acids, amides

and related compounds of animal or c
vegetable origin,

SOURCES OF ORGANIC NITROGEN
Natural Origin
1 'Dead a'nima*l and plant resldues

2 Animal wastes - urea, feces
3 Autotrdpl{i'c organisms - algae, s.bact.
4 Heterotrophic organisms

Indugtrial Origin

1 Food processlng wastewater - meat
milk, vegetables

2 Pharmaceuiical wastes, antibiologicals
3 Plastics - polyamides, nitriles
4 Chemical intermediates or products

5 Dye ir-ldustry - azo, nitro - A

b
TOTAL KJELDAHL NITROGEN ‘

PROCEDURE

Organic nitrogen is determined using the
Total Kjeldahl Nitrogen (TKN) method.
This determination includes both organic -
nitrogen and free ammonia. By dis- X
tilling the free ammonia off the sample
before the dcterminatior, organic nitrogen
can be determined directly. . :

Scope . e

The procedure converts nitrogen compon-
ents of biological origin such as amino

CH.N.8a. 11.77

~}
~1!

acids, proteins and peptldes to ammonia
but it may not convert the nitrogenous’
compounds of some industrial wastes
such as amines, nitro compounds,
hydrazones, oximes, semi-carbazones
and some refractory tertiary amines.

Method Summary( b

The sample {8 heated in the presence of

a concentrated sulfuric acid-potassium -
sulfate-metcuric sulfate mixture and
evaporated unti) sulfur trioxide fumes are
obtained and the solution becomes color- _
less or pale yellow. The residue is ™
cooled and diluted, then treated and made
alkaline with a hydroxide-thiosulfate
solution. The ammonia is distilled off
and then determined either by nessler-
ization or by titratxon

1 Nesslerization (colorimetric) is the
method used when the aminonia-
niirogen concentration is less than 1. 0
mg 'N/liter.

2 For ammonia-nitrogen concentrations
above 1,0 mg N/liter, the ammonia is
determined by titration with 0.02 N
H,S0, in the presence of & mixed
indicator.

For a detailed description of the
procedure and reagent preparation,
consult the EPA methods manual.

Precision and Accuracy

1 Thirty-one analysts in 20 laburatories( )

used the Total Kjeldahl Nitrogen

procedure to analyze natural water

samples containing the following increments
of organic nitrogen: 0.20, 0.31, 4.10

and 4.61 mg N/liter.

a Precision results for a standard
deviation were 0.197, 0.247, 1,056
and 1.191 mg N/liter, respectively.

b Accuracy as bias was +0,03, +0.02,
. +0.04’and -0.08 mg N/liter, respect- °
ively.

10-1
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Sources and Analysis of Organic Nitrogen

2 The nature and composition of ex-
traneous materials affect analytical
recovery. High salt concentrations
may raise digestion temperature,

High concentrations of organic sample
components may require excessive acid
during digestion tending to low nitrogen
yield.

3 The digestion temperature is critical.
380 to 390°C usually gives high
analytical recovery on the more re-

fractory nitrogen compounds of natural -

uri%ln. Nitrogen losses occur ahove
420°C. :

Optimium tel:npf:ratul‘e is associated with
a digestion mix contairing 1 gram of
potassium sulfate for each ml of sulfuric

- acid. However, the digestion mixture

usually contains a fraction of H,_SO

2774
greater than this.
During heating, the water boils off first,
followed by fuming as the H,SO, becomes
concentrated. Fuming and oxidatiou of
the sample components lead to loss of

H,80, and a progressive decrease in acid. .

content during heating. As the.acid de-
creases, the temperature of the heated -
mixture rises, )

Valid nitrogen determinations require a
slight excess of acid to retain NH,, as
NH,HSO, rather than the more vo:iatilc
(NI*? )256 . Concurrently, excess acid
wiu%cnd éowurd incomplete oxidation of
sample companents as a result of lowering
digestion temperature,

AUTOMATED PHENATE METHOD
The EPA manua.l( b also presents an

automated (phenate) method for organic
nitrogan. The sample is automatically

digested with a sulfuric acid solution con- .

taining potassium gulfate and mercuric
sulfate as a catalyst, then neutralized with
sodium hydroxide solution and treated with
alkaline phenol reagent and sodium hypoch-
lorite reagent. This treatment forms a
blue color designated as indophenol.

Sodium nitroprusside, which increases
the intensity of the color, is added to ~
obtain necessary sensitivity for mcasure-
ment of low level nitrogen.

PRESERVATION O} SAMPLES

Most nitrogen compounds are characterized
by rapid conversion from one form to
another by biological and chemical action.

' Hydrolysis, deaniination, pent.de formation,
. and other reactions may v -, bly alter

the original form of sam;.. ' .ogen
withih a short time. Orgs. ac pitrogen °
tends to hydrolyze to free' NH, during
storage. Therefore, valid results require
prompt analysis.

Addition of 2ml of concentrated sulfuric
acid or 40 mg 11gCly/liter of sample and
storage at 4°C are nreservation measures
for samples. Even when so preserved, Y
Samples are unstable and should be
analyzed as-s0n as possible.

REFERENCE -

Ty

Methods for Chemlcal Analysls of
“Water & Wastes, U.S. Environmenta!
Protection Agency, Environment
Monitoring & Support Laboratory,
Cincinnati, Ohio, 45268, 1974,

This outl.i}le was prepared by Av e

Rroner, Chemist, National ’: . . ,. na
Operational Technology Center *
OWPO, USEPA, Cincinnati, Olu. ib...

Descriptors: Chemical Analysis. *lirogen,

Nytrients. Water Analysis, Water Poilutir \

Sources .



. AMMONIA, NITRITES AND NITRATES _ .

SOURCES AND SIGNIFICANCE OF

,AMMONIA, NITRITES AND NITRATES

4

The presence of large quantities
.indicates a source of wastewater

IN WATER pollution.
. . s
The natural occurrence of ni!rc;;,en com-~ C Nitrates
pounds i3 best demonstrated by the nitrogen M o
c)&‘le (Figure 1), 1 Occurrence ’

.Ni!rnte farmers convertnitrites

A Ammonia unde'r acrobic conditians to nitrates
. 1 - Occurrence (nitrobacter), * During electrical
stormas, large amounts bf nitrogen
Ammonia is a product of the micro- (Np) are oxidized to form nitrates.
biological decay of animaland plant Finally, nitrates canxbe found in
protein. Inturn, it canbe used fertilizers.
directly to produce plant protein.
Many fertilizers contain ammonia. 2 Significance
. Nitrates in water usually indicate
z. Sigmficance_,_ . . the final stages of biolog'ical sta-
The presence of ammonia nitrogen bilization. . Nitrate rich effluents ,
in raw surface waters might indicate discharging, into receiving waters
domestic pollution. Its presencein can, under proper environmental
waiers used for drinking purposes conditions, cause stressto stream
may Jequire the addition of large quality by producing algal blooms.
..amounts of chlorine in order to Drinking water containing exces-
produce a free chlorine residual, sive amounts of nitrates can cause
The chlorine will first react with’ infant methemoulobinemia. X
ammonia to form chloramines be- ' .
fore it exerts its full bactericidal
effects (free chlorine residual), 11 PRESERVATION OF AMN}?NlA, NITRATE
- - AND NITRITE SAMPLES ‘&)
B Nitrites y

A_If the sample is to be analyzed. for Ammonia,
“1 Oececurrence - N?frale or Nitrite, cool te 4°C ‘and arfalyze
- within 24 hours, A

l\iitrite nitrogen occurs in water .
as an intermediate stage in the - B For Ammonia and Nitrate, the storage time

biological decompositiomof organic can be extended by 1°v?€r1ng the sample pH te

nitrogen. Nitrite formers (nitro- less l}?ar‘l 2_by the addition of concentrated

somonas) convert ammonia under sulfu.nc a_cld and storing at 4°C; (2.ml .c.i acid

~erobic conditions tonitrites, The per liter is usually. sufficient, Check with

nacterial reduction of nitrates can pH paper). .

@ 80 produce nitrites under anaero- C Mercuric chloride is effective as a preservative,

bic conditions. Nitrite is used as but its use is discouraged because;

= orrosion inhibitor in industrial o

PoG %88 water. 1 The Hg ion interferes with some of the
nitrogen tests. .

2  Significance 2 The Hg presents a disposal problem.

Nitrites are usually not found in D

Even when ''preserved'’s conversion from one
surface water to a great extent.

nitro few 1ornv to another may occur. Samples
shnu 1 ¢ analyzed as sonn as pussible:

CH.N.6g. 11.77
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1

." * YHE NITROGEN CYCLE

N Figure 1




1 DE'-I‘ERMINATION OF AMMONIA
A Nessierization - .

1 ReAgtion

Nessler's reagent, -a strong
alkaline solutionof potassium
. mercuric jodide, combine::
with NH3 in alkaline solutica
to form a yellowish prown
¢ colloidal dispersion.

\ 2Kpiligly + NH3 + 3KOH ——s

. .

N~

Hg .
" No 4 7KI + 2H40

N
NH,

Yellow- B').‘._own

AN

ol Th'e intensity of the color

foliows the Beer~Lampert Law

-~ and exhibits maximum absorp-
tion at 425 nm.

2 Interierences

a  Ncusler's reagent forms
a precipitate with some
fons (e.g., Ca**, mg*,
Fe*tt, and S$*). These
ions canbe eliminatedina
pretreatment flocculation
sten with zinc sulfate and
alkali. Also, EDTA or

Rochelle salt solution pre- '

vents precipitation with
Catt or Mgtt,

b Residualchlorine indicates
ammonia maybe pregent
in the form of chloramines.

. The addition of sodium thio-
sulfate will convert these
chloramines to ammonia,

€ Certalnorganics may

— pProduce an offcolor with
Nessler's reagent. If

s these compounds are not

ERIC
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steam distillable. the interference
may be elisninated in the distiilation
niethod.

d+ Many organic and inorganic compounds

: cauge a turbidity interference in this
colorimetric test. Therefore direct
nesslerization is not a recognized
method. The following distillation
procedure is a required. preliminary .
treatinent.

B Distillation (6 7- 8
1 Reaction

a The sample is distilled in
the presenceofa borate
buffer at pH 9,5

NHy +—2& NH, +

H* + Nap B4O; —— pH 9.5 maintained
Buffer

b The ammonia in the dis-
tiliate isthen measured by
either of two techniquez,

1} Nesslerizationisused
for samples containing .
less than 1 mg/lof
ammonia nitrogen, 6, 7, 8)

2} Absorptionof NHy by
boric acid and back ti-
tration with astandard

_strong acid is more
suitable for samples
containing more than
! mg NH3—N/1(6, 7. 8)

NHz +HBOp ——— NH,* + B0y~

BOz- + gt Methx+l Red HBO, .

Methylene Blue

pH 7.8 - 8.0 pH6.8-7.0
=~ Green Purple
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i

2 Interferences

a Cynate fnay hydrolyze, even at
. pPH &,5,

b Volatile organics may come over in
the distillate, causing an,off-color
for Nessierization, Aliphatic and
aromatic amines cause positive
interference by reacting in the acid
titration. Some of these can be
Loiled off at pi! 2 to 3 prior to
distillztion,

¢ Residual chlorine must be reroved
by pretreatinent with godium
thiosulfate.
9

d f a mercury galt was used for
preservation, the mercury ion
must be complexed with sodium
thiosulface (0.2 g) prior to distll-
lation, :

3 Precision and Accuracy(e)

Twenty-four analysts in gixteen
laboratories analyzed natural water
samples containing the following
amounts of ammonia nitrogen:
0.21. 0.26, 1.71, and 1,92 mg
NHgz-N/liter,

a Precision N
The standard deviation was: 0, 122,
0,070, 0.244, and 0,279 mg
NH3-N/liter, respectively.

b Accuracy

The bias was: -G, 01, =0, 05,
+0,01, and -0,04 mg NHB-Nlliter.
. resprctively, g

C Selective lon Electrode(8)

1 Principle
A hydrophobic, gas-permeable mem-
brane is used to separate the sample
solution from an emmonium chloride
internal solution. The ammonia in
the sample diffuses through the

11-4

membrane and alters the pl! of the
internal solution, which is gensed v
a pH electrode. The constant level of
chloride in the internal solution is
sensed by a chloride selective jon
electrode which acts as the reference
electrode, ’

2 Interfcrencecs

a Volatile amines arc a positive
interference,

b Merecury forms a complex with
ammonia 50 it should not be used”
as a preservative,

3 Precision and Accur‘acj'_'g_.:‘;:

In 2 single laboratory (EPA) four surface
‘vater'samples were analyzed containing
the following amounts of ammonia .
nitrogen: 1.00, 0,77. 0,19, and 0,13 mg
NHj3-N/liter. 7

a Precision toe

The standard deviations were 0, 038,
0.017. 0.007, and 0,003 mg
NH3-N/1hgr. : espectively,

b Accuracy

The % recovery on the 0,19 and 0. 12
concentrations was 96% and 91%
respectively,

D NPDES Ammonia Methodology

v

o

A

Manual distillation is not required if compara=
bility data on representative efflnent samples
are on company file to show that thig prelinin-
ary distillation is - ot necessary, However,
manual digtillation will be required v resolve
any crntroversies;

Nesslerization, titration, ana the selective jon
electiode are all recognized riethods, The
automated phenolate method is also cited,

DETERMINATION OF NITRITE
Diazotization(S» 8)
1 Reaction

a Under acid conditions, nitrite ions
reart with sulfanilic acid to form
a diazq, compound, °
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b The diazo éompound'then couples
with o -naphthylamine to form an
intense red azo dye which exhibits
maximum absorption at 540 an.

¢ Diazotization of Sulfanilamiide

: sO.H
SULFANDMCACI) | DIAZONIUM ‘COMPOUND

d Coupling N

N='N

3 . 2
reddish-purple azo
. R 2« dye .
2 Interferences .
-, R
4 There are very few known X
interferences at concentrations.
less than 1000 times that of

nitr%.
- B N b

« b Righ hikal'm‘lty (greater than
" 600 mg/liter) will give low results
due to a shift in pH;

e Strong oxidants or reductants in .
the sample also give low resuice.

'3 Precision

On a gynthetic sample containing

0. 25 mg nitrite nitrogen/1. the ARS
W-ter \linerals Study (1961) re-

por v, 1’5 results w ie . . dard -
cevs J.l‘r 0,00

] .o

.

8o ¢

B NPDES Nitrite Methodology

The colorimetric diazotization mmethod, -
either manual or automat~(, is the only
one cited in the Federal Register,

'V DETERMINATION OF NITRATE

A Brucine Sulfate(6s 7. 8)

1 Recction

Brucine sulfate reacts with nitrz:e

in a 13N Bulfuric acid solution to

form a_"yellow complev which ex~
hibits maximum absorption at 410 nm,
Temperature control of the color
reaction is extremely critical,

 The reaction doez not always follow

Beer's Law. However, a modifica~
tion by Jenkins and Medsker(2) hag
been developed, ( :.nditions are »
controiled in‘the reaction so that
Beer's Law is followed for concen~
"trations from 0.1 to 2 mg nitrate
N/liter. The ideal range is from
0.1to 1 mg NO3-N/liter.

2 Interferences

a Nitrite may react the same as
. ‘ nitrat~ but can be eliminated
by tie addition of sulfanili¢ acid
in the brtycine reagent,

b Organic nitrogen compounds may
hydrolyze arnd give positive inter-
ference at low (less than 1 mg!l)
nitrate nitrogen concentrations.

. A correction factor can be deter-
-mined by running a duplicate of
the sample with all the reagents
except the brucine~sulfanilic acid, - ‘
¢ Residual chlorine "my be eliminated B .
by the additjon of sodium arsenite,

d Strong oxitdizing o o ‘1eing agents
U TR IX T ’ 4
¢ The effecy o g Qs s (-linnn:‘n‘ud

by addition of sodicw | hio whe
the blank.:, standaras and sampy«s,

.- . 11-5
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3 Precision and Accuracy(a)

‘a2 Twenty-seven analysts in 15 lab-
oratories analyzed nmatural
water sumples containing the
following incremerts of inorganic
nitrate: 0.18, 0.15, 1,08 and
1. 24 mg N/liter.

b Precision results as standard
deviation were 0.092, 0.083,
0.245, and 0,214 mg N/liter
respectively.

c Accuracy express‘ed‘as biis was
- +=0.01, +0.02, +0.04 and + 0.04
mg N/liter, respectively.

B Cadmium Reduction(6. 8)

1 Reaction

A non-turbid sample is passed through
a columu containing granulated

copper-cadmium to reduce nitrate ind

to nitrite. The nitrite (that originally
present plus reduced nitrate) is deter-
mined by diazotizing with sulfanilamide
and coupling with N-(1-naphthyl)-
ethylenediamine ‘dihydrochloride to

form ar intensely colored azo dye

which is measured spectrophotometrically.

To obthin the value for only nitrate.
more of the noa-turbid sample is tested
using the same colorimetric resction
but without passing it through the re-
duction column. The resulting value °
represents the nitrite originally present
in the sample. Subtracting this nitrite
value for the non-reduced sample from-
the nitrate + nitrite value for the re- '
duced sample gives the value for nitrate
originally present in the sample.

2 Interferences

a Build-up of suspended matter in
the reduction cnlumn will restrict
sample flow. Filtration or floc-
culation with zinc¢ sulfate should
remove turbidity,

b High concentrations of iron,
copper or other metals may,
interfere. EDTA is used to
complex these.

¢ Lirge co..centrations of oil and
grease in a sample can coat the
surface of thq cadmium. Pre-
extracting the sample with an
organic solvefit removes oil and
grease. r

3 Precision anc adcuracy!6)
1
In 11 laboratories, three samples
were analyzed containing the follow-
ing amounts of nitrate nitrogen:
0.05, 0.5, and 5 mg
NO3-N/liter.
a Precision
The relative standard deviation
was 96.4%, 25.6%, and 9, 2%,
respectively.
b Accuracy

The relative error was 47. 3%,
6.4%. and 1,0%, respectively.

4 Automated cadmium recuction

Standarg Methods{®) and the EPA Methods

Manual‘®) contai. details for the auts-
mated procedure. .

C Hydrazine Reduction

A method using hydrazine to reduce
nitrate to nitrite followed by subsequent
measurement of nitrite by diazoﬁ(za}tion
was reported by Fishman, et al, 1

The means to determine nitrate is the
same as above in the Cadmium Reduction
Method. Subtraction of nitrite (deter-
mined from non-reduced sample) from
the total ritrite (reduced nitrate +
original nitrite) will give the original
nitrate nitrogen concentration.

Tke nrocedure was adapted to the Auto
Anulyzer by Kamphake, et al.

It is availahle from Fnviconmental
Mon:toring and Suppnrt Laboratory,
U.S. EPA, Cincinnati, Ohio, 45268.
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D Compliance Nitrate Methodology

1 NPDES/Certifications. This outline was prepared by B. £,

N Funghorst, former Chemist, and C. R,
The Federal Register lists the brucine Feldman-., Chenist, and updated by A, D,
sulfate, cadmium reduction and auto- . Kroner. Chemist, National Training s d
mated cadmium reduction or hydrazine . Operational Technology Center. MOTD,
reduction methods. OWPO. USEPA, Cincinnati, Ohio 45268
2 Drinking Water -

The Federal Register lists the
brucine sulfate and the manual

v . )
m itrates, Nitrites, Nitrogen. Nitrogen
cadmium reduction methods only. N

Compounds., Nitrogen Cycle. Nutrients.

Water Analysis. Water Pollution Sources
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TOTAL CARBC ¥ ANALYSIS /

INTRODUCTION

History of Carbon Analyses

s
In the wake of a rapid population growth,
and the increasing heavy use of our
natural waterways, the nation, and indeea
the world, is presented with the acute
problem of increased pollutional loads on
streamg, rivers and other receiving
bodies. This has resulted wm: a growing
awareness of the need to prevent the
pollution of streams, rivers, lakes and
evell the oceans. Along with this aware-
ness has developed a desire for a more
rapid and precise method of detecting and
measuring pollution di:e to organic
naterials,

The Methods

In the past, two generrl appruaches have
been used in evaluating the degree “f
organic water pollution.

1 The determination of the amount of
oxyien or other oxiaants required to
react with organic impurities.

2 The determination of the amount of
total carbon present in these impurities.

Oxygen Den.and Analyses

The first approach is represented by
conventional laboratory tests for deter-
mining Chemical Oxygen Demand (COD)
and Biochemical Oxygen Demand (BOD).
One of the principal disadvantages of these
tests ig that they are limited primarily

to historical significance, that is, they
tell what a treatment plant had been doing,
since they require ar, where from two
hours to five days to complete. Since up

85

CH. MET, 24b, 7/76

to now no faster method has been

“‘available, 'traditional BEOD and COD
determinations have become accepted
standards of measure in water pollution
.contrul work even though ‘hey are
essentially ineffective for proucess
control purposes. N

Until the. introduction of the Carbonaceous
Analyzer, all methods’taking the second -
approach, the total carbon method of
evaluating water qu.lity, also proved

too slow.

4

I THE ANALYSIS OF CARBON

A Pollution Indicator

Now the carbonacéous analyzer provides
a means to determine the total carbon
content of a dilute water sample in
approximately two minutes. With proper
sample preparation to remove inorganic
carbonates, the instrument determines
the fotal organic carbon content in the
sample. -

B Relationship of Carbon Analysis to BOD *

and COD

This quantity varies with the structure
from 27 percent for oxalic acid through
40 percent for glucose to 75 percent for
methane. The ratio of COD to mg carbon
also vuries widely from 0,67 for oxalic
acid through 2,67 for glucose to 5. 33 for
methane. Representatlve secondary
“sewage effluents have given a ratio of
COD to carbon-content of between 2.5 and
3.5 with the general average being 3,0,

The BOD, . OD and carbon contents of
these and some other representative
compounds arc summarized in the follow -~
ing table.



Total Carbon Analysis

5-Day
Sample BOD-mg/mg
Stearic Acid - C18H360-2 .786
Glucose - C5H120,5‘ .73
Oxalic A:id - C.,H,,O4 .14
Beazoic Acid - C7H602 1.38
Phenol - CGHGO .05 to 2,1 de-
N pending u;- -
X concentrat.
Porassium Acid Phthalate
KHCBH“O‘1 . .95
Salicylic Adid - C;HgO, .25 ¢
Secondiry Effluent, Clarified 13=
. " " 23
L (LI Tee . 4..,

% Carbon
16
1.0 : 40
‘.18 27
1.97 14
2.36 !
1.15
1.60- 51
75% 21%
67 12%
36% . 1%

A

#1n units of mg/1

THE INFRA-KED TY} £ CALBOUN
ANALYZER

Principle of Operation

Basically the infra~-red carbonacec.:s analyzer
made, by Beckman, consists of three

. sections - a sampling and oxidizing system, &
a Beckman Model 315 Infrared Analyzer
and & strip-chart recorder.

Infra-rec Carbonaceour Analyzer Schematic

(-

wmp
comiroller

fyeeeseseaaea

‘enndemer

/ Reckmon
inteared
, onalyzee
forw meser
. .
7067 carrier from cylinder

v

T
£
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. A micro sample (20-40 ul) of the water to be

analyzed is iajected into a catalytic com-
bustion tube which is enclosed by an electric
furnace thermostated at 950°C. The water
is vaporized a..d the carbonaceous material
is oxidized to carbon dioxide {COg) and .
stear. in a carrier stream of pyre oxygen. 4};’
The oxygen flow carries the steam and

CGy nut of the furnace where the sf2am is
condensed and the condensa‘e remo ad.

The CO3. oxyzen and remaining water vagor
¢nter an infrared :nalyzer sensitized to
provide a measure <f COy. The output of
the infrared analyzer is recorded on a strip
chart, after which, the curve produced can
be evaluated by ciuinparing peak heiznt with
- calibration surve based upon stardard
soluiions. Results are _btained .i.rectly in
milligrams of carboo per liter.

v

Application

Results“) show tho’ the method is applicat.’e
for most, if ru. all. water-soluble organic
compounds -- in~luding those that contain
sulfur, nitrogen, and vo,atiles.

Nonvolatile organic substances car o
differentiated from volatiles, such as,
carbon dioxide or light hy:l.ocarbons by
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determination of carhon both befor: and
after the sampl. solution has been bliwn
with an inert gas.

Sample Preparation

The Carbonaceous Analyzer is often
referred to as a total carbon analyzer
because it provides a measure of all the
carbonaceous material in a gample, both
organic and inorganic. However, if a
measure of organic carbon alone i: de-_
sired, the inorganic carbon content of

the sample can be removed duriny eample
preparation,

1 Removal of inorganic carbon

The simplest procedure for renioving
inorgani: carbon from the sample is
one of acidifying and blowing. A ‘ew
crops of HCl1 per 100 ml of sample
will normally reduce pH to 2 or iess,
releasine all the inorganic carbon as
COg. ‘ive minutes of blowing witk
a gas {r-  of COz sweeps out the COy
formed by the inorganic carbcn. Only
the organic carbon remains in the
sample and may be analyzed without
the inorganic irterference.

2 Volatile carbonaceous material

Volatile carbonaceous material that
may be lost by blowing is accounted
for by using a dual channel carbon -
analyzer. Beckman's new analyzer
has the previously detailed high
temperature’ (850°C) furnacus plus a
low temperature (1509C) on». Using
quartz chips wetted wi h phosphoric
acld, the low temperature channel
senseg only the COg (freed by-the
acf n the priginal sample. The

+ remaining organics and water are
retained in the condenser connected
to this Jow temperature furnace.
None cf the organics are oxidized by
the 150°C fyraace.

By Injecting & sample into the low
' temperature furnace, a peak repre-
senting the {norganic carbon i8 ob-
tained on ihe sirip chart. Injecting
a nonacidified sample into the high

temperature furnace ylelds a peak
representing the total carbon. The
Jdifference between the values deter-
mined for the iwov peaks is the total
organic carbon. -

3 Dilute Eampleu

If the sample is dilute (less than 100
mg/liter carbon) and is a true soluticn
{no suspended particles) no furtler
preparativn is required.

4 Samples containing solids

If the sample centains solids and/or
flbers which are to be included in the
dete 'mination, these must be reduced
in size so that they will ni able to pass
threagh the needle which has an .opening
of 170 microns (neecles having larger

' op.~ings may be obtained if necessary).
In most cases, mixing the eaiunie in a
Waring Blender will redu:e the particle
8. sufficiently for sampling.

1V PROCEDURE F¢'R ANALYSIS

4 Interferences

)

Wate, vapor resultirg from vaporization of
the sa: iy, cavses a slight interfsrence in
a¢ mewod. Most of th water is trapped
out by the ~ir condenser positioned immed-
iately after the combustion furnace. How-
©vev, a portion of the <ater vapor passes
thr i1 1he system into the infrared or -
tecto: ari appeacs cn the strip chart as
carbon. The water blank also appears on
the standard calibration curve, and is
therefore removed from the final calcu-
lai.on. In tests «f solutions containing_shc
following anions: NO3, CI', SO°2, Dy,
ne interferunce was enco'.: ~red witn ‘con-
centration s up to one per mt.

Precision and Accurac.

The recovery of cabon from standard
solutions is 98.5 - 100.0 percent. The
minimum detectable conce..tration using

the prescribed operating {nstructions is 1
mg/1 carbon. Generally, the data are
reproducible to + 1 g/l with a standard
deviation of 0.7 mg/1 at the 100 mg/1 level.

. 12-3
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V THE FLAME IONIZATION TYPE
CARBON ANALYZER

An example of a flame ionization
carbonaceuvus analyzer is the one
produced by Dohrman.

To determine TOTAL ORGANIC CARBON
a 30 ul acidified water sample is
injected into a eample boat containing a
cobalt oxide oxidizer at room temper-~
ature, The boat is then advanced to the
90° C vaporization zone where H, O,

CO,, {from dissolved CO,,, carbofiates

and bicarbonates) and organic carbon . -

materials which are volatile at 90° C

are swept into the bypass column. Here
volatile organic carbon (VOC) is trapped
on.a Porapak Q column at §0° C while
the H,O and CO, are swept through the
switcﬁing valve and verted to atmosphere.

After sample vaporization, the valve is
automatically switched to the pyrolyze
position and the boat is then advanced to
the pyolysis zone. Residual organic
carbon (ROC) materials left in the boat
react with the Co,O, at 850° C to
produce C02. At'the same time the by-
pass column is backflushed at 120°C thus
sweeping the VOC material through the
pyrolysis zone. Both the VOC and the
Ce)2 (fram the ROC) are swept by helium

A

TAPORIZATION STIP

into the hydrogen enriched nickel
catalyst reduction zone where all carbon
is converted to methane at 350° C,

The reduction product is swept through
the switching valve, the water detention
column and into the flame ionization
detector which responds linearly to
methane. The detector output is
integrated and displayed in milligrams
per liter (mg/1) or parts per million
{ppm) on the digital meter.

To determine total carbon, simply set
the function switch to TOTAL CARBON.
and cycle an unacidified sample through
the vaporize and pyrolyze steps. The
switching valve remains in the pyrolyze

' position, directing ALL carbonaceous

matter to the detector.

12-4
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VI APPLICATIONS

Several of he many research and industrial
applications of he Carbonaceous Analyzer
are listed below:

A Determine the efficiency of various waste-
- water renovation processes, borh in the
laboratory and in the field.

I3 Comparce a plant's waste outlet with'its
water inlet to determine the degree of
contamination comributed.

C Alonitoring a waste stream to check for
product loss.

D Follow the rate of utilization of organic
nutrients by micro-organisms.

I7 To detect organic impurities in inorganic
compounds.,

VIl ADVANTAGES OF CARBON ANLYZER

A Speed

The Carbonaceous Analyzer's most
important advantage is its speed of
analysis. One'analysis can be performed
in 2 ~ 2 munutes for a channel on the
Beckman instrument or double that on the
Dohrman. This speed of analysis brings
about economy of operation, This is
probably more than the number of COD or
BOD tests that can even be started, much
less completed. in the same period of time.

B Total Carbon

Another advantage ;s that the measure of
carbon is a total one. The oxidizing
system of the analyzer brings about com~
plete oxidation of any form of carbon, No
compound has been found to which the
method is inapplicable.

@

Ll CONCL.USIONS

The Cr-bonaceous Analyzdp provides a
rapid .ad precise measuremen! of organic
carbon in both liquid and air famples. It
should Le found useful for many research,
and indusirial applicaiions, a few of which
have been mentioned.

Because of its rapidity it may te found more
useful than the more time-consuming BOD
and COD measuremen:s for moaitoring

' industrial waste sircams or wastc treatment

processes.

REFERENCES

1 Van Hall, C, E., Safranko, John and
Stenger, V. A, Anal. Chem. 35,
315-9. 1963,

2 Van Hall, C. E,, and Stenger, v A
Drafi of Final Report - Phase I - Con-
tract PH 86-63-94, Analytical Rescarch
Toward Applicatiun of the Dow Toral
Carbon Determination Apparatus to the
Measurement of Water I’ollution.

3 Van Hall, C, E., Stenger, V., A
Beckman Reprint - R6215. Taken from
Paper Presented at.the Symposium on
Water Renovation, Sponsored by the
Division of Waier and Waste Chemistry,
ACS in Cincicnati. Jan. 14-16, 1963,

+ Dobts. R.A., H.H. Wise and R. B, Dean, -
Au.. Cnem. 39, 1255-58. 1267.

]
This outline was prepared by Robert T,
Williams, Chief, and pevised by Charles J.
Moench. Jr.., Waste Identificatior and
Analysis Section, MERL, USEP’A, Cincinnati,
Ohio 45268.

Descriptors:  Biochemical Oxygen Demand,
Carbon, Chemical Analysis, Chemical Oxygen
Demand, Organic Matter, Organic Wastes,

. Water Analysig, Instrumentation, I:Iutrients
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i - pEFINITION

A "The Chemical Oxygen Demand (COD) test

is a measure of the oxyger equiivalentof

that portion of the organic matter in a

sample that 1s susceptible to oxidation
under specific conditions of oxidizing
agent, temperature and time.

B A variety of terms have beén and are used
for the test described here as COD:

1 Oxygen absorbed (O.;\) p.rimaruy in

British practice. -

Oxygen consumed (OC) preferred by
some, but unpopular.

3 .Chemical oxygen demand®COD) current

preference,

4  omplete oxygen demand (COD)

misnomer.
) >

5 Dichromate oxygen demahd (DOC)-

earlier distinction of the current pre-
ference for COD by dichromate or a

. specified analysis such as.Standard
Methods. I

6 Others have been and are being used.

Since 1960, terms have been generally
agreed upon within most professional
groups as indicated in I-A and B-2 and
the explanation in B-5.

C The concept of the COD is almost as oid
as the BOD. Many oxidants and varia-
tions in procedure have been proposed,
but none have been completely
satisfactory. :

1 Ceric sulfate has been investigated,

but in general it is not a strong
oxidant.

CH, O, 02.10e.3,75

2

3

4

5

6

CHEMICAL OXYGEN DEMAND AND COD/BOD RELATIQNSﬁIPS

Potassium permanganate was one of
the earliest oxidants proposed and
until recently appeared.in Standard
Methods (9th ed.) as a standard pro-
cedure. it is currently used in
Britich practice as a $-hr. test at
room temperature.

a The results aobtained with perman-
ganatg were dependent upon concen-
“tration of reagent, time of oxidation,
temperature, etc., so that results
were not reproducible. :

Potassium iodate or iodic acid ig an

- excellent oxidant but methods employing
this reaction are time-consuming and
require a very close control.

A number of investigators havé used

.potassium dichromate under a variety
of corditions. The method proposed

by Moore at SEC is the basis of the

standard procedure. +2)  Statistical

comparisons_with other .methods are

described.

‘Effective determination of elemental
carbon in wastewater was sought by
Buswell’as a water quality criteria.

a Van Slyke(4) described a-carbon
determination based on anhydrous
samples and mixed oxidizing agents
including sulfuric, chromic, iodic
and phosphoric acids to obtain a
yield comparable to the theoretical
on a wide spectrum of componerts.

b Van Hall, et al., (5) used a heated
combustion tube with infrared
detection to determine carbon quickly
and effectively by wet sample
injection. .

Current development shows a trend to
instrumental methods automating

o , 13-4



Chemical Oxygen Demand and COD/BOD Relationships

- N -~
convent.onal procedures or to seek . ’
element:l or more specific group
determination, R
+ I RELATIONSAIP OF THE COD TEST WITH .
OTHER DXIDATION CRITERIA IS
- INDICATED IN TABLE 1. 5
A Table 1
‘ “Test Reaction OxAidati'on i
Test -Temp. °C time system Variabl.s
BOD 20 days - ' Biol. prod. Compound, environ-
| - : Enz. Oxidn. ment, biota, time,
“ . numbers. Metabolic
- I acceptability, etc,
T .
- . COD . 145 2 hrs. 50% H2S04 Susceptibility of -
o - KoCrzOq the test sample to
May be cata- the specified
lyzed oxidation
i IDOD 20 15! Diss. oxyg. | Includes materials .
- . rapidly oxidized by
du‘_‘gft action,
. » SH.
Van Slyke 400+ 1 hr. H PO4 Excellent approach
.Carbon detn. ' . HIO3 to theoretical oxi- S
. . HyS04 dation for most
. KoCrg0,. compounds (N-nil)
3 . . - Anhydrous .
v Carbon by éao mi.r"\utes: ‘Oxygen atm. Comparable to
combiistion. catalyzed theoretical for
+IR - carbon only,
Chlorine 20 20 min. HOCI soln. Good NH3 oxidn.
Demand : . Variable for other
! compounds. .
B From Table 1 it is apparent that oxidation . . the oxidizability of p given sample
is the only common item of this series of . . under gpecified conditions, whxch are
separate tests. . different for each test.
. . .-
1 Any relationships.among COD & BOD 7 2 If the sample is primarily composed
or any other tests 4re Zortuitous be- : of compounds that are oxidized by.
© " cause the tests measurc . both procedures (BOD and COD) a
‘ . relationship may be established.
Yz
. - o~
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Chemical Oxygen Demand and COD/BOD Relationships

" a The COD procedhre may .be sub~
stituted (with proper qualifications)
_for BOD or.the COD may be used
as an indication of the dilution
required for setting up-BOD
analysis. ‘

b If the sample is characterized by a
predominance of material that can
be chemir .’'v, but npt biochemi- '
cally oxini. ¢4, the COD will be
£l eater thun t.e BOD, Textile *
wastes, paper mill wastes, and’
other :vastes containing high con:
rentrations of cellulose have a
high COD, low BOD.

¢ If the situation in item bis reversed
the BOD will be higher than the
COD. Distillery wastes or refinery
wastes may have a high BOD, low

COD, unless catalyzed by silver -

sulfate.

d Any relationship established as in 7
2a-will change In response to
sample history and environment.
The BOD tends to decrease more
rapidly than the COD. Biological
cell mass or detritus produced by
biological action has a low BOD
but a relativeiy high COD. The
COD/BOD ratio tends to increase
with time, treatment, or conditions
favoring stabilization.

ADVANTAGES AND LIMITATIONS OF
THE cOD TEST{2) AS RELATED TO BOD

.

A Advantages -

1 Time, manipulation, and equipment
costs are lower for the COD test.

2 COD oxidation condifions are effective
for a wider spectrum f chemical

, compounds.

3 COD test conditions can be standardized
morc readily to give' more precise
results.

«

4 COD results are available while the
waste is in the plant, not Several
days later, hence, plant control is
facilitated.

5 COD resalts are useful to indicate
downstream damage potentia'l i the

form of sludge deposition. s
Ll

6 The COD result plus the oxygen vquiva- *
- lent for ammonia andorganic nitrogen
is a good estimate of the ultimate BOD
for many municipal wastewaters.

B Limitations

procedure,

1 Results are not applicable for estimating

BOD except as a result of experimental
* evidence by h.th methods on = given
sample type. L.

2 Certain compounds are not susceptible
to oxidation under COD conditions or
are too volatile to remain in the oxida-
tion flask long enough-to be oxidized.
Ammonia, aromatic h'.vdroca'rbons,
saturated hydrocarbons, pyridine, and
toluene are examples of materials with
a 1;>w analytical response in the COD
test. . . T

w

Dichromate ir. hot 50% sulfuric acid

requires close control to maintain A

safety during manipuldtion. < -
’ .

4 Oxidation of chloride to chlorine is not
closely related to BOD but may affect
COD' results.

5 It is not advisable to expect precise
COD results on saline waters

BACKGROUND OF THE STANDARD
METHODS COD PROCEDURE

The COD procedure( n considered dichro-
mate oxidation in-33 and 50 percent sul-
furic acid, Results indicated preference
of the 50 percent acid concentration for
oxidation of sample components, This is
the basis for the present standard

13-3
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sulfate’ to catalyze oxidation of certain

low molecular weight aliphatic acids and
alcohols. The catalyst also improves
oxidation of most other organic components
to some extent but does not make the COD
tést vniversally-applicable for all chemical
pollutants. , :

The unmodified COI test result (A) includes
oxidatioh of chloride to chlorine. Each mg

. of chloride will hate a COD equivalent of

0.23 mg. Chlorides must.be determined
in the samp]e and the COD result corrected

accordinglv. b

1 For example, if a sample shows 300
mg of COD per liter and 200 mg Cl-,
per liter the corrected COD regult will
be 300 -{200 x 0.23)or 300 - 4§ = 254

mg COD/1 on a chloride corrected basis.

[N

Silver sulfate addition as a catalyst
tendfto cause partial precipitation of *
silver. chleride even in the hot acid solu-
tion. Chloride ccrrections are ques-
tionable unless the chloride is oxidized
before addition of silver sulfate, i.e.,
reflux for 15 minutes for chleride ox-
idation, add Ag,SO}, and contince the
- reflux or use of Hg 4(D).
e Y o
. . N

Dobbs and Williams o proposed prior

complexation of chiorides witk HgSC4 to

prevent chloride ox‘dati(m dur:ag the test. ,

A ratio of about 10 of Hg' * to 1 of €1~ (wt.
basis) appears esbential. The Cl™ must
be cdmplexed in‘arid solution befere addi-
tion of.dichromezte and sgilver sulfate.

1 Fc;r unexplained reasons the i1gSO, -
tcomplexation:doeg not completely
préevent ‘chloride oxidation in the

presence of high chloride conceptrations. .

o

F actors have been deyveloped to provide
some estimate of error in the régult
due to incomplete control of chlopjde
behavior. These tend to vary with the
sampl¢ and technique employed:

It is fot likely that COD results yill be
precise for samples containing high -
chlorides. .Sea water contatnst18000 tq

.'21000 mgC1~/1 normally. Eqlivalent

chloride! correcﬁon for COD exceeds

»

lLChemical Oxygen Démand and COD/BOD Relationships °
¢ : ' s
Muprs(s) -suggested addition-of silver 4000 mg/l. “The error in chloride

determination may give negative COD
results upon application of the correctior

Incomplete control of chloride oxidation
with HgSO4 may give equally confusing
results. .
HgSO,4 appears to give precise results
for COD when chlorides do not exceed
about 2000 mg/l. Interference in-
creases with increasing chlorides at
higher levels.
4

The 12th edition of Standard Methods re-
duced the amount of sample and reagents
t> 407% of amounts,utilized in previous
editions. - There hEs been no change in
the relative proportions in the test. This
step” was.taken to'reduce the cost of pro-
viding expensive mercury and silver sul-
fates required. Results are comparable
s lgng-as the proportions are identical.
Smaller aliquots of sample and reagents
regaire more care during manipulation
‘to promote ‘precision. . . - .

The EPA Methods for COD ™+ =

1 For routine Ievel COD (samples having .
an organic carbon concentration
greater than 15 mg/liter and a chlorid
concentrativn less.than 2000 mg/liter); -
the EPA specifies the procedures foun)d
in Standard Methods (Z)and in ASTM(8),

2, For low level COD (samples with less .

than 15 mg/liter organic .carbon and

chloride concentration :tﬁa\than 2000

mgl/ liter), E&’A provides an analytical

procedure {9 . 'The differencesfrom
the routine proctdure primarily in-
volves a greater sample volume and
more dilute solutions of dichromate
. and ferrous ammonium sulfate.

-

A

3 For saline samplesd (chloride level
exceeds 2000 mgfiiter), ?PA provides
an analytical prot:\:dure('9 involving
preparation of a standard curve of COD
versus mg/liter chloride to corract
the calculetions. Volumes and concen-.
trations for the sample and reagents
are adjusted for this type of determination. -
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V  PRECISION AND ACCURACY

—~ Chernical Oxygen Demaad and COD/BOD ielationships

.

(9)

Eighty six analysts in 58 laboratories
analyzed a distilled water solution contain-,
ing oxidizable organic material equivalent

to 270 mg/l COD. The standard deviation
was  17.76 mg/14COD with an accaracy

as percent relative error (bias).of —4. 7%, - -
For:a solution equivalent to i2.3 mg/1

COD (low level), the standard deviation

was = 4.15 mg/l with an_accuracy as pegrcent
relative error (bias) of 0. 3%. (EPA Method

Research Study '3)
.

VI

. .

REMARKS P'ERTINENT TO EFFECTIVE

g?OD DETCRMINATIONS INGLUDE:

Sni,mple size ‘and COD limits for 0.250 N
reagents ‘are approxirsately as given. -
For 0.925 N reagents mulfiply COD by

0.1, "Use the weak recagent-for COD's

in the range of 5-50 mgz/1, (low level).

Sample Size

mg COD/}
20 n.l 2000
10 ml 4000
5 ml 8000

Most organic materials oxidize rela-
tively rapidly under COD test condi-
tions. A significant fraction of .
oxidation occurs during the hegting ‘upon
addition of acid buttheorange color of
dichromate should remain. If the

sample color changes, from orange t«
green after acid addition the sample was
too large., Discard“without reflux and
repeat with a smaller aliquot until the
color after mixing does not go beyond

a brownish hue. The dichromate color
‘hange is less rapid with sample com-
ponents that arc¢ slowly oxidized under
COD reaction conditions. .

Chloride concentrations should be known
for all test camples so apprupriate
analytical technigues can be used.

’ - .
Special precautions advisable for the ~—
regular COD procdure and es®ential
when using 0,025 N reagents include:

-

1 Keep the apparatus assembled
when not in use.

2  Plug the condenser breather tube

yitn glo wool to minimze dust

entrance,

3. Wipe the upner part of tne ilask
and lower paft of the condenser

with a wet towel before disasscmbly
to minintize sample contamination.

T4 Steam out the condenser after use |
for high concentration sarnples and
periodically for regular samples.
Use the regular blank reagent mix
and heat,- without use of ccndrnser
water, to clean the apparatus of

residual oxidizahle components.

Distilled water and sulfuric acid
must he of very high quality to

maintain low blanks on the refluxed
samples for the 0.C25 N oxidant.

VII  NPDES METHODOLOGY

Under the National Pollutant Discharge
Elimination System, the accepted method

Federal Register. vol. 41, no. 232,
part II, Wednesday, Dec. !, 1976) for
doing the chemical oxygen demand test
is .given in Standard Methods (2), p.550;-

ASTM(8), p472; & the EP'A manuzl (¥), p. 20.

4 .
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Chemical Oxygen Demuand, Chlorides,
Oxygen Demand, Wastewater, Water

© Analysis

U et



O

ERIC

Aruitoxt provided by Eic:

DETERMINATION OF SURFACTANTS

RATURT OF SURFACTANTS AND
SYNTHETIC DETERGENTS

Definitions

1

Detergénts

The dictinnary states that the verb,
deterge, means to wash off or to
cleanse. Detergency denotes a
cleansing power or quality.

Larson (5) characterizes a good de-
tergent as a material which is water
soluble, permits the water solution
to penetrate capillaries by lowering
interfacial tension'(wetting action),
breaks up or separates pai.lcles
having agglomerated (dispersing
action), and links the dirt or oil
particles with the water (emulsify-
ing action).

Surface active material (Surfactant)

This term is reserved for those
organic compounds which exhibit
detergent properties plus stability
toward hardness. They are aole
to alter the surface or intcrfacial
properties of their solutions to an
unusual extent, even when present
in low concentrations. °

Synthetic detergents

The term, synthetic detergent, is
noti rigorously defined. In general,
however, it i8 a material which
contains a surfactant plus one or
more builders.

Builders .

A builder is a compound which i
used to enhance the cleansing char-
acteristics of a synthetic detergent.

iodium sulfate, sodfum silicate,

- zodium chloride, sodium tripoly-

phosphate, and carboxymethyl
celluloge are examples of builders

CH.DS. 18e,11.77 -

which might be found in household
or industrial synthetic detergents.

B Chemijcal Behaviox. of Suriactants

On the basis of their ionization inwater,
surfactants may be classified as anionic,
cationic and nonionic.

1 Anionic surfactants

These are the most widely used in
the manufacture of syntiaetic deter-
gents and are therefore the greatest
contributors to pollution. They
are charicterized by the fact t
they ionize in water to give an an-
ion of large size and mass and a
cation of small size and mass.

a  Soap exhibits dete~gent proper-
iies a~dionizes as described
abov:, but has become less
popuisr for detergent use be-
cause of {ts lack of stability
towarcd hardness. '

C11H23CO2Na — C1jHp3C0p" + Na*
(Soap) {Anion) {Cation)

b  The alisl ary? sulfonates
repregei a seccnd type of
anfonic gn=% txnt, °
R-CgH4-SO3Na — it d4-503™ + Na*

(Aikyl aryl sulfcnate) (Arizm) (Cation)
The CgH; grouping »'epsident:
abenzene ring; the R reprrsenis
achainofcarbonatoms. If the
chain is "straight" the aixyl *
aryl sulfonate {sreferredtoas
LAS. If the chainis "branched”
the term .3 BS is applied.

c Alkyl sulfates comprise the
third type of anionic surfactant.
R-OSO3Na — R-0503~ + Na*
{Alkyl sulfate) (Anion) ( Cation)
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Qelérmln;lion of Surfactants

It again represents a chain of
about twelve carbon atoms con-
nected in straight line fashion.

2  Cationic surfactants

LCormpared to the anionic surfact-
ants, the production of the cationics
is suall. They are noted for their
germicidal properties and are used
as sanitizing agents in connectign

* with laundering and dishwashing.
They ionize inwater to give a
cation of large size and mass and
an -.>on of small sizeandmass.

P
+

'
C12H25—- N - CH2 ~ C_H + Cl

i
L. 3 -
Cation Anion

Interaction of cationic and anionic
surfacta:ts yields compounds . .
whick havé neither germicidal
nor detergent properties.

3 Nonionic surfactants

These do not ionize in watcer.
They show little tendency to foam
and are probably constituents of
the so-called "controlled- suds"
detergents. Compounds, such as
those illustrated, may have from
51012 "ethoxy" or ether groups.

CBH 17 ~-C6 H4 -OC2H4(OC2H4)n-OH

(A Nonionic Ether)

C  Physical Behavior of Anionic Surfactants

One of the functions of a gund detergent

was stated to be its ability to link dirt
or oil particles with the water (emulsi-
fyirg action.) This linking ability can
be considered by using an alkyl aryl
sulfonate anion as an example.

R-CgH4-SO3~
{Alkyl Aryl Sulfonate Anion)

The R-CgH, portion of the anion is
referred to as being hydrophobic {water *
repelling); i.e., it is inscluble in water.
but soluble in grease and oil. The 503
‘portioa of the anioa is hydrophilic
(water attracting!: i.e., it is solublein
water. but i8 insoluble ir grease ar<¢
oil. In Figure 1 below, the rod repre-
sents the hydrophobic purtion of the
alkyl aryl sulfonate anion and the ball
represents the hydrophilic part of the
anion. In dilute water-solution the an-
ion orient themselves around the dirt
and grease particles as shown in Fig-
ure 2. The dirt and grease particles
thus coated (emulsified) show little
tendency to coagulate and settle.

R-CgHg—50, "

Dut s Teeae - 7. -

Figure 2. ACTION OF SUP" & -TANT
ON DIRT PARTIS ES(T)
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II WASTES FROM THE USE OF
SYNTHETIC DETERGENTS

A Sources of Wastes
1  Domestic wastes
The concentration of synthetic de-

tergents (reportedas MBAS) in raw
sewage varies as shown in Table 1.

Table 1. MBAS CONTENT OF RAW SEWAGE (6)

MBAS in raw

City sewage (mg/1)
jOakland, California 4.4
[Ponca City, Oklahoma 11.8
Cincinnati, Ohilo 3.1
%\'Jest New York, New Jersey 13.8

2 Laundry wastes

The average characteristics of a
composite waste from-a laundro-
mat or small laundryoper *‘ion,
are presented in Table 2.

Table 2. LAUNDROMAT EFFLUENT(5)

cob |mBas pH Suspended
(mg/1) (mg/1) (mg/1) Solis:.

344-445] 5C-90 7.0-8.1

B Effects of Detergent Wa-‘es on Water
Quality .

1 Foaming®

M‘BASr iovels i1 raw water ator -
below the USPHS Standards of 0.5
mgll, do not cause foaming. At
leva!s of 1 mg/l or above, foaming
can oceur. ’

Tuble 3 presents a summary of
MBAS concentrations found in the
Chio River from 1954 to 1959, and
reported by ORSANCO. (8)

{mg/1y
i 140 - 163

99

" Determination of Surfactants

Table 3, MBAS CONTENT OF QHIO RIVER
WATER (1954 - 1959)

Value " MBAS (mg/1)
Median - 0.12
Average 0.16
Weekly High ' 0.59
Weekly Low 0,01

2  Persistence in biological treatment

a Tetrapropylene ABs
Studies have indicated that
branched ABS comnpounds made
byalkylating benzene witu
tetrapropylene (see Figure 3)
are .nly 40-70%biodegradable

ir csventionalactivated sludge -

treatment. Consequently, they
are known as biologically
"hard" compounds.

It has been hypothesized“)
that the structure of the CyaHog
benzene sulfonate isomer,
which would be saost difficult -
to degrade, would be;
CHy® CHy GH3 GH,

CHy— € —C —C —C —CHy

b Linear alkyl sulfonate {LAS)

On the contrary, compounds
made.by alkylating.henzene
with n-paraffins (see Figure 4)
have shown up to 98% biode-
gradability in conventional
activated sludge treatment.
These biologically "'soft” sur-
factants known as LAS(linear
alkyl sr fonate) compounds,
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l Tetrapropylene (C) 2ﬂ
H

A

F

)
A\,
Ikyla‘tlon

Branched Alkylbenzene
(Cyo Isomers)

Sulfenation and
Neutralization
Y
N
Branched Alkyl.benzene]

Sulfonates

igure 3. HOW ABS IS MADE

3

v

have been developed commer-
cially to replace biologically
"hard ABS compounds.

¢ Nonionics .

Ethoxylated alkyl phoenol com-
pounds containing less than 5
ethoxy groups have shown 90%
to 95% biogradability. Larger
numbers of ethoxy groups tend
to increase resistance to bio -
logical treatment.

. Eutrophication

The phosphate content of detergent
wasgtes adds to the nutrient content
of raw water. When the other es-
sential nutrients are present,

nuisance algal growth is promoted.

Compounds derived from amino
carboxylic and hydroxy carboxylic
acidn are being considered ag gub-
. stitutes for the phosphaie builders
in order to decrease the nutrient
+ load to streams and lakes.

14-4
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ICAL METHODS -
Sa:.. -+ ‘allect.on

If a sample cannotbe analyzed promptly,
several procedures may be followed in
order to preserve the sa.aple.

1 Freezing wi}l retard biological
activity.

2 The addi..onof 0.8 mg concentrated
H350,4/1 of sample willalso retard
biologicalactivity and thug preserve
the sample. .

It should be noted that logses of MBAS'
have been found to occur when samples
are stored in polyethylene containers. (2
It is believed that these losses are due ,
to adsorption of MBAS' on the sides of ..
the containers.

|

C}A]n\rinatlon
I Mono-Chloroparaffins l

\
Alkylation

Straight-Chain Sec-
Alkylbenzenes

Sulfonation and
Neutralization ,

Linear Alkylbenzene
Sulfonates

Figure 4. HOW 1AS IS MADE
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METHY™.ENE BLUE

r-{ . .\>-s|o2 - . ’ . )

(H3C)gN 7. \”s/_v\N(Cﬂa)z. ; ) s .

Figure 5.. METHYLENE BLUE METHOD FOR ANIONIC SURFACTANTS(?

<

B Anionics - ‘Methylene Blue Method .preparation and procedural details
. . . can be found in Standard Methods (11)
1 Principle - e and ASTM Book of Standards (12).
Methylene‘blue reacts with anionic . 3 Interferences )
surfactants (and other chemical species) .
to form a blue-colored, slightly ionized a Glassware used in this method must
salt which is soluable in chloroform. ’ be acid cleaned 8o that it is free of
The. color intensity of this product in even a’trace of surfactant material.
this solvent is measured at a wave- .. e
length of 652 nm in a gpectrophotometer. b Organic sulfates, sulfonates,
.  BRange of application is 0,025-100 mg/liter carboxylates, phosphates and
for LAS. phenols will complex methylene

.~

R - bluz2,” causing high results.
Surfactants and other chemical species )

which react with methylene blue are ’ ¢ Inorganic cyanates, chlorides,
classed as methylene blue active . - nitrates and thiocyanates form
- substances (MBAS). ion pairs with methylene blue, -
e agein causing high results.

2 This is the meﬁ}od- of analysis for
MBAS ligted in the current EPA -« ~
Methods Manual (10). Reagent

¥ Y
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Determination of Surfactants

d Organic compounds, especlally
amines, can compete with the
methylene blue for the surfactant,
causing low results. (e.g. -
proteins in sewage). ‘

4+ Precision agnd Accuracy

- An Analytical Referepe® Service

study in 1968(13) obtained the
foliowing data:

a On a sample of filtered river
water, spiked with 2.94 mg

LAS/liter, 110 aralysts obtained .

4 mean of 2.88 ing/liter with'a
standard deviation of 0.272.

o Ona samp'le of tap water splked

- with 0.48 mg LAS/liter, 110

aralysts obtained a mean of 0.48
mgi1'with a standard deviation
of 0,048,

c Gra sample of distilled water
,spiked with 0.27 mg LAS/liter,
110 analysts obtained 2 mean of
0.24 mg/1 with a standard -
deviation of 0.7036.

. C Nonionics

1 Methods for nonionics have been based

. on formation of 2 Cobaltho-thiocyanate
complex and subsequent col&simetric
measurement. Burttschell'”’ proposed
.a more sensitive method (0. 1mg/1) in
which a complex with the heterpoly acid
of tungsten is formed, hydrolyzed, and
-colorimetrically measured as WO,
dithiol.

2 Infrared method (3) .

The Soap and Detergent Association
has developed a referee meéthod which
measures true’’ ABS or LAS, as
opposed to "apparent’” ABS or LAS,
wqth the.methylene blue method. This
umethod consists of extensive clean-up
nrocedures, followed by IR
identification. ..
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OIL AND GREASE

1 DEFINITION : wastewater treatment plants from
. 4 households and industries which either -
. A, Definition . manufacture or yge the groups of
. . : compounds mentioned above. Examples of
In the field of wastewater treatment, such industries are meat processing -
the terms oil and grease are not plants, petroleum r:fineries, petro-
clearly defined. They are partially chemicals, trucking, laundry. machine
CoL characterized by the analytical " tool and steel, : _

method used for their detérmination,
A sample is extracted with an organic 11 TREATMENT PROBLEMS
solvent which is then separated from - R

the water and evaporated. The A Oil and grease cause special problems
residue is termed oil und greasrs " : " in-the handling of household and certain
regardless of its composition. Low industrial wastes, because they have a
boiling components, such as-fubricating low solubility in water and therefore
oil and kerosine, are lost, to some : tend to separate frorm the water phase.
extent, during the solvent removal step.
The determination of gasoline by the B They form gcum layers in primary -
- solvent extraction method is completely N settling tanks., sludge digestion units,
unreliable. Thus, the term oil and . . and final clarifiers. They coat .
grease is operationally defined. particles. producing floating masses
’ .  which are unsightly and odorous.
B National Pollutant Discharge When oil and grease coat organic

Elimination System (NPDES) particles, oxygen transfer and bio-

degredation are inhibited.* ‘Such

Under provisions of thu 1972 Amend- interference can,occur in the activated

ments to the Federal Water Pollution sludge process, as well as in trickling

Control Act (Public Law 92-500), the filters. In activated sludge plants. high
B NPDES places limitations on the oil/grease concentrations can resultin .

concentrations of pollutants which may 'étigniﬂmnt carryover of biological solids.

be discharged to receiving bodies of duning final clarification by entrapment

water. One guch pollutant is termed of biofloc in the floating scum layer.

oil and grease, Thus, although the c Oil and grease are resistant to

term is not clearly defined in the area ) both aercbic biodegredation and

of wastewater tre ' ment, it does have anaerobic digestion. These materials

significance under 11e NPDES. : cling to equipment surfaces such as

. pipelines, pumps, screens, and filters,
thus reducing their operating efficiency.

- C Components
.0 - Also, they ar2 a safety hazard in waste-

vIn wastewater, the term grease * : *»"* watér treatment plants, coating walkways
- includes uch classes of compounds as and ladders. Grease particles are often

. waxes, fatty acids, fats,and oils. ' present ih an emulsified form.. The ’
Classes of compounds referred to as emulsifying coating is sometimes not
oils are low to high molecular weight broken until the grease enters seccndary-.
hydrocarbons, such as gasoline, heavy " treatment units or the receiving stream.
fuel oils and lubricating oils, and
animal and vegetable glycerides which IV WATER SUPPLY PROBLEMS

. are¢ liquid at ordinary temperatures.
L . Even small quantities of 0il and grease
. II OCCURRENCE ’ . can produce an objectional odor and

{ ‘ i appearance in public water supplies. If
Materials clasaified as oils and greases these materials are foand in water
‘enter receiving bodles of water and contemplated for ise as a public water
- CH.OG.1. 11.77 104 - ' 15-1
- N 2

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

Oil and Grease v » o

15-2

supplyr the source may be rejected,
even before.a health problem is shown to
exist.

V ANALYTICAL METHODOLOGY

A NPDES

- .
The analysesfor pollutants performed
under the NPDES (se€c i. B. above) are
to be performed according to specified
methodology. This methodology is
spelled out in the Federal Register,

* Wed., Dec., 1, 1976, vol. 41, no, 232, pt II,
pgs 52780-52786. The Féderal Register cites.
the Freon extraction on-pg 515 of the 14th ed, of
Stardard Methods (L & analmost identical pro-
cedureon pg 229 of the EPA methods mamal@®)
as heproccedures tobe used when analyzing a
wastewater sample for oil and grease.

' Steps in the analysis include: acidification
of the sample with 5 ml of 50% by volume
sulfuric acid per liter of sample,
extraction of the sample with geveral N
portions of Freon (trichlorotrifluoroethane,
boiling point 47°C; Dupont Freon
precision cleaning agent or equivalent),
combining the Freon portions in a tared
distilling flask, distilling off all but about
10°ml of the Freon, boiling off the
remaining Freon, drying the flask, cooling
and weighing. The milligram increase in
weight, muitiplied by 1000, and divided by
the millilitersof sample, giveg the -
milligrams.of oil and grease<per liter of
sample, - .

B Other Analytical Procedures, non NPDES
1. Standard Methods (1).

- In addition to the above."approved"

method, 14th Standard Methods {1\ also
carries two other procedures applicable 1
to wastewater. The first is tentative, and
involves an extraction identical to that
described above, followed by infrared
detection. The second utilizes Freon

in a Soxhlet ext;-lc‘tor. An eighty cycle
extraction is followed by evaporation of
the solvent and weighing of the residue,

o

~ .

2, U.S. EPA Methods Maqual
In addition to the above "approved
methods the U, S, EPA methods
manual (2} carries two other procedures.
In the first, the acidified sample is
' filtered through a muslin cloth dis¢ ~
overlaid with filter paper; i'lter aid is
' -also used. The filter paper any any
sulids clinging to the muslin are then
+ extracted in a Soxhlet apparatus with
hexane, The solvent is evaporated and
the increase in flask weight is used to
calculate the mg of oil/grease per liter
of sample. The second is an infrared
method very similar to that given in
14th Standard Methods (1).

-3 ASTM (3) 1ists no parameter specifically .

referred to as oil and grease. . _
C Sample Collection and Storage

The method referred to in V. A, above,

- directs that the sample must be
representative. However, since oil and
grease will be found on the surface of a
body of water, the sample will not be
representstive of the body of water as a
whole. The glass stopperad sample bottle
should be washed with solveat and air dried.
It should also be marked on the outside, to
indicate the desired sample volumé. None
of the oil and grease should be lost by
clinging to the glass stopper. Therefore,
the bottle should not be filled to the top.
Preservation is accomplished by adding
5 ml of 50% by volume sulfuric acid per
liter of sample. No holding time is
specified, but it iz generally good procedure
to begin the analysis as soon as possible.

REFERENCES

Standard Methods, 14th ed, -1975.
o .,

Methiods for Chemical Analysis of Water &
Wastes, U. S. Environmental Protection

_Agency. Environmental Monitoring & y

Support Laboratory, Cincinnati, Ohio,
45268, '1974. .

' Annual Book of Standards, Part 31, .

Water., 1975.
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DETERMINATION OF PHENOLICS

DEFINITION AND SIGNIFICANCE_.
Defmition

The phenolic cc ;.. s1n water ’ N
chem/stry are defined as h; droxy de-»
rivatives olbenzene and its gondensed
nuclei. These occu: .n domestic and
industrial wastewaters and in drisking
water supplies.

Pher.ol and chlor:i.nated derivatives in
water affect fish and water quality.
"1 Fish :
The threshold limit of toxicity at
infinite time for certain species of
o ~ fishis of the order of a few milli-
grams per liter. Some chlorinafed
phenols exhibit toxicity in concen-
trations as low as 0.2"mg/l.

.

2 Fish flesh tai.nthg

" ‘Fish llving ih waters of leiser
phendlic concentrations can acquire
an uhplepsant and obnoxious taste.

3 water quality

The 'prese_nce'o'{ as little as 14
ug/1 of the chlorinated‘phenols can
impart a taste to drinking water.

CHLORINE DERIVATIVES OF PHENOL
.CAUSING TASTE AND ODOR(1)

Al chlorination products may contribute
to the i.ntenslty of trate and odor

At maximum taste and odor intensity, ’

<he major contrt,bu:nr is 2, 6-dlchloro~
phenol. X

CH. PHEN. 32f. 11,77

C  The chlorine-to-phenol ratio at maximum

mh
A

B

v’

A

B

intensity of taste and odor is 2:1. The
proportion of 2, 6-DCP wus greatest at
the 2:1 chlorine-iz-phenol ratio. N

PRESERVATION AND STORAG
OF SAMPLES

Since pﬁeholh.s are sub_,ect to oxidation,
samples should be aralyzed within 4
hours of collection.

Samples can be preserved and stored
up to 24 hours as follows:

1 Adjustment of pH to less than 4.0 with
HzPO,

2 . Aeration. if sulfides urc present

3 _Addition of 1.0 g CuSO,. 5ii,0/liter
K ot N -

4 sstorageat 1°c

DETERMINATION OF PHENOI.ICS

NPDES Methodology

The 2976 Feueral Register Guidelines for
National Pollutant Discnarge Elimination
System (NPDES) requirements specify
distillation to separate out interferences,
followed by the 4-amionoantipyrine (4AAP)
colo. infetric détermination,

“used as a standard.

Cpmm'ents on the procedure can be found -
in tne EPA Metnods M~nual.
wise procedure can be found in Standard
Methods(3) found in Standard Methods and
ASTM(Y), -

Other Analytical Procedures

" For purposes otner tnan NPDES require-

197

ments, Standard Methods!3) lists a 4AAP
method for hdlogenated pnenols wnicn

_ employs 2, 4-dichlorophenol as'a standard.

It also presents a gas-liquid cnromato-
grapnlc meztriod for. samples contaming

certain' phenolics present in cricent atlons

gx eater tnan 1 mg/liter.

Tnin-layer chromatbgraphy has also begn .

utilized for phenol and certai n gubstituted
pnenols in raw su:'t'ace water.

- "y 16-1
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Determination of Phenolics

V. PRETREATMENT AND DISTILLATION
OF SAMPLES(3, 4)

Depending on interferences present,
samples must bc treated prior to the
. color determination,

A Preireatment of Samples
1 Oxidizing agents, as detected by
the odor of chlorine or by the .
. starch-iodide test, are sémoved :
. immediately after sampling by
* adding an excess of ferrous sulfate
or sodium arsenite,

2 Oils and tars in a sample may con-

. tain phenolics. An alkaline-extrac- vi
‘. tion to remove these is required A
prior to adding CuSO- and dis-
tillation. 4

3 1f sulfur compounds are present, i.é-. Ho5 or
S0, and the sample has not been preserved.
acidify the sample to less than 4 with H3PO4'

and aerate {t bfiefly. (These -treatments
are part of the preservation procedure if
this presence of sulful compounrds {s known).

) -

B Distillation

NPDES specifles a preliminary distillation B
to remove common interferegces, The rate
of -olatilization of phenols is gradual so the
volume of the distillate shculd equal that of the
. sample being distilled. 'If the sumple was not
preserved, acldify it with 14 9 HgPO4
and add Eopper sulfate solution>

1 Phenols are distilles from non-
volatile impurities,

2  Addition of copper sulfate to sar:ple
forms CuS, thus preventing the
formation of H,S or 502 which
interfere with fhe detertuination.

- CuSO, also prevents biochemical
degradation of phenolice.

3 Acidification of the sample with
phosphoric acFassures the presence
of the copper ion and prevents the
formation of Cu(OH)z, an oxidizer

, of phenolics,

4-AMINOANTIPYRINE DETERMINATION |

Applicability!3 4}

This method determi. s phenol, ortho

and meta-substituted phenols, and para-
substituted phenols in which the substitution

is a carboxyl, halogen, methoxyl, or sulfonic
acid group, It does not determine those para-
substituted phenols in which the gubstitution
is an alkyl, aryl, giuc. benzoyl, nitroso or
aldehyde group.” Paracresol‘is an example

of a common phenolic that is not sensitive

to this determination, ¢

Method(a‘“

"After pretreatment and dist{llation, the
sample i8 reacted with 4-aminoantipyrine
at pH-10.0+ 0.2 in the presence of
potassium ferricyanide (an ovidant) to
produce colored antipyrine dves, '(See
Figuve 1), A -

PH 10

CH.*N =0
3 -
| ‘i . R 751 TR
- Kaxfc Ny
CH,+C = C’NH:
. OH

4-aminoantipyrine + phenol antipyrine dye’
K;Fe tCN)?

CHLJ-N Le]

Figure 1
-2 .
12 103
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.

An absorbance measurement is made
and the phenolic concentration is
estimated using g calibration curve
with phenol as a staqdard.

1 For original phenolic ¥oncentrations less

« than L 0 mg/liter, the wtion product dyes
are concentrated using theé Chloroform
Extraction Method. Cell path lengths of S5cm
. or more are required for very low levels.  yqp
Absorbance {s measured at 460 nm, and the :
results expressed as ug/liter phenol.

2 ‘lj‘i)r'orlglnnl phenolic goncehtratlons greater

than 2.0 mg/liter, 3) the' reaction product _
dyes a(% keqt in the water solution fora
Direct!) photometric determination. .-EPA
liats 0. 05 mg/liter as a lower limit, - Absorb-
arice is measured at 510nm., and the results
““dre éxpressed as mg/liter phenol. This
method is applicable to original phenolic
concentrations up to 50 mg/liter.

.3 ‘Det of reagent preparation and

the¢ stepwise.procedures can be found
in the current editions of Standard
Methods{3) and ASTM Standards (4),

1. Sensitivity varies with pH. A
buffer is used to maintain pH at
10.0+ 0,2 to prevent the form-
ation of antipyrine red and to- v
minimize interference from "
anilide and undesirable enol keto
systems. . 8)

2 The amounts of 4-aminocantipyrine

and potassium ferricyanide used

have a definite bearing on the

amount of color developed. (7~

The EPA manual notes that the ammonium
*hydroxide-ammonium chloride buffer used
in the water hardness test 1s an alteTnative
to the chemicals used in the other write-ups
mrnlse!hepHmlO-!-UZ.- . vm

. . s
3 Témperature affects the rate f

color. change of the product dyes
and df the blank. All materials
used should be at the same
temperature.(6,8) «

ught may have a bleachin? 95!‘1’e ct
on the colored materials. (9

Determination of Phenolics

Filtration of the chloroform

extracts removes water and in-

. creases their color stability to 3
hourss, The mixtures measured in
water solutions are not too steble -
and should be read within 30

minutes. (6)

'

PHENOL STANDARD

1  Because phenol is extremely
sensitive to the 4-aminoantipyrine
determination; the calibration '
curve used in the procedure is
derived using phenol standards.
These standards arc¢ preparedon -
the day of use by diluting a more -
concentrated stock solution of phenol.

The stock solution'of phenol can be
prepared by direct weighing, If

extreme accuracy is required, this

stock solution can be standardized i
using a bromate-bromide solution. (3) "~

2 ‘Phenolics‘_(substitutea‘phqnolg)_
' respond with various sensitivities
to this test and produce colors of
various deasities. -An example is
this comparison of " the absorbance . -
values )the cresols to that of

phenol®

Compound

phenol
orthocresol *
metacresol
paracresol

Absorbance Values -
Compared to Phenol(%) ~

t

100 .

4.
69
3

«

3  -Most phenolics sensitive to the test
produce dyes with absorbancy maxima
at or near the same wavelength so a
photometric determination can be

made. .

B

accuracy'®?

Results are an approximation and rep-"
resent the minimum amount of phenol
and phenolics present.

) F 4

S 40 Dtrect sunlight or strong artificial _ 1 03

16-3
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Determination of Phenolics

\J

1 Only phenol is used as the color
standard eince it is impractical
to prepare a standard containing -
a mixture of phenol and phenolics
corresponding to each sample,

2  Different phenolics exhibit
different gsensitivities to the test,

3  Different phenolics produce differ-
ing shades of color which affect the
final absorbance reading for the
mixture.

PRECISION(2)

Reproducibility of results depends on

on the interferences present in samples

and on the gkill of the analyst.

1 Using the Chloroform Esxtraction

" Method to concentrate color, six

laboratories analyzed samples at
concentrations of 9.8, 48.3 and 83.5
ug/lter, Standard deviation res-
pectively, was 0.99, 3.1 and 4.2
ug/liter.

2 Using the Direct Photometric
Method, six laboratories analyzed
samples at concentrations of 4.7,
48.2 and 97,0 mg/liter. Standard
deviation, respectively, was 0.18,
0.48, and 1.58 mg/liter.

REFERENCES

‘'l Burttschell, R,, Rosen, A., Middleton,

F., and Ettinger, M
rivatives of Phenol
Odor, Jour. Ame can Waterworks' '
Association, 51:2, 1858.

2 M;sthods for Ch;;'n(cal .A;lnlys(s of Water
. and Wastes,” EPA~-EMSL, /G{nclnnnd.
OH 45268, 1975.

3 Standard Methods for the Examination of
Water and Wastewater, 14th Edition, 1876.

>

4 AST™ Book of Standards, Part 31, 1975
Method D1783-70.

5 Smith, D. and Lichetenberg, J., Deter-
mination of Phenols in Surface Waters
by Thin-Layer Chromatography,

‘Microorganic Matter i Water, ASTM
STP 448, 1989.

6 Ettinger, M.B., nuchhoé. C. C. and
Lighka, R.'J. Sensitive 4;Amino- =

antipyrine Method for Phenolic Com-
pounds. Anal. Chem. 23:1783, 1851,

7 Dannis, M. Determination of Phenola by
the 4- Aminoantipyrine Method. Sew.
and Ind. Wastes 23:1518. 1851.

8 Mohler, E.F. and Jacor, L.N, :
‘Comparison of Analytical Methods for
Determination of Phenolic~Type Com-
pounds in Water and Industrial Wastes
Water, Anal. Chem.29:1368, 19_57.

§ Martin, R. Anal. Chem, 21:1418, 1548,

This outline was prepared by A. D. Kroner,

Chemist, National Training and Operational

Technology Center, MOTD, OWPO, USEPA,
. Cincinnati, Ohio 45288

Descriptors: Chemicel Analysis, Phenols,
Water Analysis
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INTROISUCTION TO GAS-LIQUID CHROMA TOGRAPHY -

Part 1

INTRODUCTION -
Definition

Gas-liquid chromatography is an analytical

““method for the separation and identification

of & mixture of volatile (usually organic)
components in a sample. As with any
chromatographic technique the column
consists of two phases, the immobile or
stationary phase (a liquid on an inert solid
support), and the mobile phase (an inert
gas). The column functions to separate
the sample components because they have
varying vapor pressures and affinities for
the stationary phase. In many ways the
column behavior resembles that of
fractional distillation. The partition which
occurs between tne mebile and immobile
phases will thus cause the components to

- proceéd through the column at varying -

rates. The separation is recorded and
quantitated by the detector system.

’ Advantages

1 GuJ enin be used to separate compounds
of simllar hoiling points which cannot

(See Table 1)

2 GLC can be extremely sensitive: for’

. example, using the'electzon capture .

detector it is possible to "'see" :
plcogram (10'1‘2) quantities.

Table 1, SEPARATIONS BY GLC

Compounds - Reference

3~Methylcyclohexene’ Aerograph Research-

Cyclohexane (B.P,

(B,P. 1040C) and
4-Methylcyclohexan
(B.P. 1030C)

Notes (Spring 1964)

Chromosorb News-
-80.80C) and Benzene letter (FF-104}
(B.P. 80.20C) :

CH.MET, cr. 5b, 1.74

~ . . .

easily he separated by distillation. _ - .

C Disadvantages

1 Due to the extreme sensitivity
possible it is often necessary to
apply extensive cleanup techniques. -

2 The many variables of the technique
require a skilled analyst.

COMPONENTS OF A GAS
CHROMATOGRAPH (See Figure 1}
Gas Supply

The mobile phase (carrier gas) transports
the sample components through the
column into the detector. The type of

gas used varies with the detector.(Seé
Table 2)

Injector ' . ¢

Liquid samples are m~nually introduced
into the heated injecto.  block through a
rubber septum by means of a syringe.
Automatic liquid injectors as well as
injection systems for solid and gasrous

..samples are commercially available.

Column N

The vaporized sample enters the cclumn
which can be glass or metal and of varying
length (1' - 20') and diameter (1/8" ~ 1/4").
The column i8 packed with the stationary
{(immobile) phase and contained within a
constant temperature oven.

1 Solid support ' -

The solid support should have a large
surface area yet be inert so that active
sites will not cause adsorption of
sample components. Diatomaceous
earths, teflon and glass beads have
heen used. (See Table 3)



" Introduction to Gas-Liquid Chromatography

SAMPLE
INIECTION
PORY

[l
£ !
- tﬂ! cLass H E:
. e 1 Bl woo x a8
. AUTOMATIC STRIP | N >t -
CHART RECORDE : v x| O ux
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- .- . -
: Figure 1. COMPONENTS OF A GAS CHROMATOGRAPH* . T
Table 2. CARRIER GASES 2 Stationa*y liquid ' _
_ Detector » Carrisrges  °  ° The geparation & : partition. oct:urring
in the column is di:=ctly affected by the
Thermal conductivity | Hellum (Purified, - choice of stationary liquid. For ex-
Grade A) . ample,. in the separation of benzene
. . " (B.P, 80.1°C} and cyclohexane (B, P.
$ ) o P
Microcoulomet~ic Heél::;e(il;ruud. 80. 89C), the choice of a non-polar phue
: . ’ " such as hexadecane results in benzene
Flame ionization Hydrogen (Purified) preceding cyclohexane oif the colurmn.
15 . However, if a more polar phase suchas™™ "™
Electron capture " Ni:x{-osg:%n :r ::: :’u;; . benzylbiphenyl'is chosen cyclohexane
methznexg:urmed) . precedes benzene. Table 4 shows some
A typical stationary liquids and their uses.
(NOTE: One requirement for any.liquid
. : . . is that-it have a high boiling point 80 that
>+ Table 3, SOLID SUPPORTS . it will not boil off the column)
Support Eurfgce' area (m2/gm) D Detector + - .
Chromocorb . 4.8° The detector or brain of the gas chroma-
(Diatomaceous Earth isgraph senses and measures the quantity
Chromosorb W 1.2 of sample component coming off the column,
(Diatomaceous Earth) The detector should be maintained at a
temperature higher than the column so that
Chromosorb G - 0.5 condensation does not occur in the detector
{Diatomaceous Earth) block. Several types of detectors are in
.Chromosorb T . 7.0-80 . use today.”
(Teflon) *Reproduced (with permxssxon) from Chemistry.
(37:11, p, 13, November 1984) . .
NS Lou

&~
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Introduction to Gas-Liquid Chromatography-

Table 4. STATIONARY LIQUIDS

Stationary liquid

Used to separate

Silicone oils QF -1, Dow Corning 200,
and Dow 11, OV-1, OV-3, OV-17,
Ov-2:1, ov-225

Silicone oil SE-30
Benzyl~Cyanide-Silver Nitrate
Polyethylene Giycol
Cyano.Silicone

Chlorinated hydrocarbons
pesticides

‘Homologous geries of n-alkanes
‘Homologous geries of olefins
Amines

Steroids

‘Therimal conductivity

This detector consists of a Wheatstone

' bridge two arms of which are thermal

conductivity cells each contalning a

small heated element. When only carrier
gas is flowing through both the sample
cell and reference cell, the resistance

of the heated element is constant in both .
cells. The bridge remains balanced and
baseline' is recorded. However, when
carrier gas plus sgample component enter
the sample cell, the thermal conductivity
in that cell changes thus also producing

-a.change in the resistance of the heated

element. The bridge becomes unbalanced
and a peak is recorded, The main dis-
advantage of the TC cell in water pollution
work is its lack of sensitivity.

Ionjzation detectors

a Flame -

“This detector consists of a flame
situated between a cathode and anode.

. Ag carrier gas alone burns, gome
‘electrons and negative ions are pro-
duced which are collected at the
ancde and recorded as baseline.
When carrier gas plus sample com=
ponent are burned, more electrons
and negative ions are produced which
result in a peak on the recorder.
The detector is capable of "seeing"
nanogram quantities of organic com-
pounds; however, the detector is
‘sensitive to all organic compounds.
This lack of specificity produces dis-
ads .ntagee in the am;yﬁl_s of water

. extracts which contain a variety of
naturally occurring organics. ie

b Electron capture (See Figure 2)

This detector consists of a radiation
gsource (e.g., .tritium) capable of
prcducing glow electrons in g carrier
gas such as nitrogen. The electrons
collected at the anode are recorded
as baseline. When sample com- ,
ponents which have an electron
affinity (e.g., chlorinated hydro-
carbons) enter the detector, electrons
are "captured. " The subsequent de<
crease in current is recorded as a
peak. The detector has the advantage
that it is extremely sensitive (pico-
gram range) and i8 somewhat selective.

¢ Thermionic,

A recent adaptation of the flame
{onization detector shows promise
for the specific dnalysis of organic
" phosphorus compounds. An alkali
salt is incorporated into the design
of a coaventional flame fonization
detector so that the salt heated by ‘-
the flame produces an ion curreat.
When compounds ¢antaining phos-
phorus emerge fri.m the column,
they give 600X the response with this
detector as with the conventionai
* flame.

3 Micrecoulometric |

Although less sensitive (by approximately

a factor of 10) than electron capture.

B
[V

“17-3
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thig detector is finding wide use in

pesticide analysis. - This highly specific

detector consists of titration-cells for
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.

the measurement of chloride-containing

and sulfur-containing compounds. The
sample component emerging from~he
column is combusted to produce FCl
or 80,, respectively. HCl ig continn-
ously %m‘ated by silver ions present in
the cell; the amount of current r»qulre\.
to regenerate these silver ions is
recorded as a peak. The system for
sulfur contzining compounds is analo- .
gous except that SO, produced is con~
tinuously titrated by I, which is o
ly reg -‘ged.

Ancther microcoulometric detector has

recently been applied to the specific
determination of nitrogen. Ii is based

on the reduction of nitrogen-contntnlny--

compounds to NH, which is then titrated -

by H' in the tltraaon cell.
4_.coulaon Electrolyuo. COnducuvity

This detector was primarily developed,

for the detection of organic hal.ldeu,l -

organic nitrcgen compounds, and
nrganic sulfur comnpounds.

‘17-4

L -

“ . /" . . .
Figure 2. ELECTRON CAPTU&E DETECTOR (Wilkens Inatrument Comp;ny).

The unit consists of pyrolyzer with'a °
separately heated {nlet block, water °
circulating and purification system,
detector cell and dc conductivity
bridge. The sample is oxidized or
reduced and reaction products forin’
electrolytes when dissolved in the -
deionized water, - Changes in con-
ductivity between two' platinum B
electrodes are measured by the de
bridge. (Figure 2 a.)

Recorder

. The recarder system registers the

response of the detector tp sample
components. In the case of ionization .
detectors, it is’often necessary to employ
an electrometer in order to nmplﬂy the
small current changes.

Expensive integration and dlg-lt;l read-gut
equipment is also available to facilitate
measurement of peak areas,
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Introduction to Gas-Liquid Chromatography

I QUALITATIVE ANALYSIS
A Retention Time

The retention tima of a sample component
is defined as’the time it takes for that
component to travel through the column.
There are a number of variables which
affect the retention time of a compound.

' Ny

1 Physical parameters of column
_ operation

"a Column length -
)
b Column temperature
¢ Carriar gas flow rate

2 The nature and amount of s’fationary
liquid itself

For a given set of column conditions, &

. 8specific compound will have a specific
retention time (See Figure 3 and Table 5).
Various column and detector combinations
can be used to confirm identification.

B Retention Volume
Retention volume is defined as the total

volume of gas required ts move a com-~
-ponent through the colw.r:»

RETENTION RETENTIQN FLOW
VOLUME (Rv) TIME (RT) RATE

C Relative Retention ']il}?es and Volumes -

It is possible to !nterx;i-et data more easily

. by

reporting retention data relative to a

Table 5).

particular compound (e. g., aldris s in

v QUANTITATIVE ANALYSIS

A Measurement of Peak Area .

The quantity of sample component present

is directly proportional to the area under

its

peak. (NOTE: This assumption can

- only be made if it has been previously

~ determined that a linear-response ig °
obtained in the range under 8tudy.) The
following are a few of the ways in which
this area can be measured.

1

2
3

Planimeter | -

T.riangu]atign L
Peak Leight X half-width (see dieldrin

peak in Figure 3)

AREA © peak height X peak half-width

4

Disc integrator

B Measurement of Peak Height

be

With the electron capture detector{it may
possible to use peak hejght for quanti-

tative measurements where the follywing
cond!¢tions are met. -

v

-

° Table 5." RETENTION DATA F’dR FIGURE 3
y Retentlon Time (R,)) | Relative Retention
Pesticide h T Time )
jHeptachlor 3.3 minutes 0.789 -
rAl_dr!n' 4.2 ° 1,00
Heptachlor Epoxide 6.3 1.26 .
[Dieldrin .7 1.84
13
.
o
dn aw
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1 A steady basline is obtained. - . . NEWSLETTERS

raphy Newsletter.
Wilkens Instrument and Research, Inc.,

P.O. Box 313 Walnut Creek, California.

2 Retention times can be reproduced . 1 Aerograph Gas Chromatog
from nne injection to the next.

V SUMMARY ’ " 2 F & M Gas Chromatography Newsleter.

F & M Scientific Corporation. Starr

The basic components of a gas chromatograph. . Road and Rouute 41, Avondale, Pa.

have been described. Elementary aspects of -’ ) -
quantitative and qualitative analysis are "3 Gas-Chrom Newsletter. Applied Science

presented. : Laboratory, Inc. State College, Pa.
- ) 16801.
] . v
BOOKS
8
1 Dal Nogare, S. and Juvet, R.S., Jr. '
Gas-Liquid Chromatography. New
York: Interscience. 1962. .
- ’ This outline was prepared by B. A, Punghorst,
2 Littlewood, A,B. Gas Chromatography. Chemist. formerlv with National Training
New York: Academic Press. 1962. Center, MDS, WPQ EPA, ’

Cincinnati, OH 45268.

o . Descriptors:  Adsorbents, Chromatography,
. ) Gas Chromatography, Organic Matter, )

Separation Techniques, Water Analysis
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QUANTITATION IN GAS CHROMATOGRAPHY

I INTRODUCTION

One of the factors which has led to gas
chromatography's rapid development in the
field of instrument analysis is the quantitative
precision with which samples can be analyzed.
There are several equally import&‘nt factors
involved in quantitative analysis. These are:
Acéurate sample introduction, constant
operating parameters, accuracy of peak area
roeasurement, sensitivity factors of individ-
ual compounds, linearity of detector and
columns which give well resolved peaks.

J1 CALIBRATION PROCEDURE,,
A Peak Height and Peak Area

Quantitative work is based on peak height
or area.’ Peak height measurement is
more rapid-than peak area; however, plots
of- -peak height vs, sample size are'more
‘non-linear than corresponding plots for
eak area, This is because peak heights
and widths are frequently dependent on
sample size and sample feed volume, how-
ever; total area is not, Peak heights are .
generally used if samples are less than
10 ug for packed columns and 0, 1 4 for
capillary columns,

B, Direct Calibration

Blend< of components in question are

prepar<d and chromatographed, The

value of peak heights or areas are then

plotted against the weight of sample

injected. The unknown sample is then

injected and it3 pewk height or area is
. compared to that of the standard,

, The main disadvantages of direct calibra-
tion are that the precise amount of -,
sample injected must be known and that
calibration is time consuming. Also,

. the«gensitivity of the detector must remain
ronstant from run to run and day to day
in order to compare results with the
calibration.graph.

C Internal Standardization

This is a common procedure uged in
" blomedical analyses, such as alcohol in
blood, and steroids in serum and‘urine. .
Known weight ratios of the component in
question and a standard (marker) are
prepared and chromatographed. The
component/standard area ratios gbtained
are then plotted vs: the component/ .
standard weight ratios.

y/

AT

[

PEAX HEIGHT OR AREA
N

./
L~

CH.MET.29. 1, 7¢

"WEIGHT OF COMPONENT |

113



O

ERIC

Aruitoxt provided by Eic:

s

Quantitation in Gas Chromatography

To the unknown, add a known volume con=
centration of the standard. This mixture
is then chromatographed and the
component/standard area ratios are deter-
mined. By determining the corresponding
component/standard weight ratio from the
graph, the unknown amount of the com-
ponent can be determined.

e. g.: To the unknown, add 5 ml of a golu-

tion containing the standard whose

" concentration is 100 ug/ml. Upon
chromatographing the mixture, the
area ratio wis found to be 8; there-
fore, the weight ratio is 7 (see -
graph). Knowing standard concentra-
tion to be 100 ug/ml, tlien the
component concentration ig 7 X 100

. pg/ml. Since we added 5 ml of
standard solution, then the total
amount of the unknown is 5 ml X 700

L& . 3500 pgor 3. 5'mg.

S

P
/

Vi

/
1% 1.

o

-~
N,

AREA

N
h,

.

0 .2 4 6 8 0 120 .

component
WEIGHT Tre

A particular advantage of using the
internal standardization method ig that
the amount injected need not be accurately
measured. Also, the detector response
need not be known or remain constant

_ since any change in sensitivity will not.
affect the area ratio.

. .

The chief disadvantage of this method '
is the difficulty in finding a standard
that-does not interfere with a component:
in the sample. It is also time consuming.

“18-2

Internal Normalization

This i8 used when only approximate
data are required. Assuming all the
compenents have been eluted, the per-
cent composition of a component within
a mixture ig its area divided by the
sum of the areas.

l Standard

lc.n-m-.A.m(A .Ac n)
. “BeCa

Component

This method also agsumes that area
percent equals weight percent. This
may only be true when analyzing close,
boiling components of a-homologous
series. To obtain the weight percent,
it is necessary to multiply each area
by a correction factor.

110
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Quantitation in Gas Chromatography

I NORMALIZATION OF AREAS
(CORRECTION FACTORS)

Solvenr -
o

A Normalization for Thermal Conductivity
Detectors T

This procedure relMes on the fact that
each comp d l’@n ique thermal

. conductivity cell response. For quanti-

.- tative "nalysis, the thermal &onductivity
of the sample should be approximately a -
linear function of its composition in e

- range concerned. From the areas under 2 The weight percent is calculated and
each peak and the relative responses that the known densities are used to convert
are characteristic of each peak, it is : . percent. .
possible to determine the quantity of each : - :
. component in the’sample. . 3 Inject several samples and plot peak
B ) ] . area (or height) va. volume injected.

Sample calculation:

RELATIVE T.C,

B COMPOUND AREA . RESPONSE PER MOLE (2) -
a Ethanol - 8.0 72
"Hoptane - “9.0 143
Benzene T 4o 100
Ethyl Acetats 7.0 ) 1
. NORMALIZE MOLE %
Ethagol, 72 ° 0-010 o238 - 20.6
FAL 0.083
Heptane 143 " 0-083 0.238 - 6.7 . .
: 4.0, .040
Benzene 10p. = 0.040 023 . 11.0
5N A 0.083
Ethyl Acenate i - 0-063 0.238 - 28,7 <
TOTAL 0. 238 100.0%
v - -
B Normalization for Mass Detectors
1 A standard solution of compounds a,

b,c,d, and e in a solvent is prepared. X -

w120
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.
(=]
© e
,

N

RECORDER RESPONSE
— ~

- o 1 2 3 4 o

¢ : 1 INJECTED o .
4. Note that intercept on "X" axis T difference (deviation) of each value from
corresponds to an injection error of the average value. The magnitude of -
® . 0.5ul. Therefore, ‘actual amoust deyiation is a measure of, the precision of
injected = uncorreéted + 0. 5 pl. For measurement. C
2.5 ul (ccrr.) injected, the density - R A

values are ucéd to determine the actual , .
i
weight W. injected.. - It is seen that accumcy‘_expresues the

N - correctness of a measur whereas

cision & the d i
5 The corresponding area of each peak is ﬁr:‘“su:emn::f "-f' repro ueibil ty of

determined and.the response in cm 2lug . .
ia determined.

. . The accurgcy and reproduclbuuy achieved
. . in'gas ch atography depend on many
"ot . .
6 ?9‘-“8 CZ:P‘;E‘:’ a 1‘)’ st;an::r:" ond- things; ntlx-x%x%mzm,_ the correct.choice of
correction factor = e corresp . columy, temperature, flow rate, sample

ing correcticn factors are determined,

See the Table on Page 8-6. *  size, detector, and injection system.

Highest performancé demands considerable
‘understanding of the chromatographic
~process and of thé effects of change in a

) large number of variables. However, even -
. with ill-designed apparatus, analyses can
usually be’ conducted with an accuracy

V STATISTICAL TREATMENT OF DATA

N

A Accuracy and Preciaion Data

. (Reproducibility)(? .~ better than + 10 percent per components
° R .. When precautions are taken,, an accuracy
Accuncy is a measurement bf the and reproducibility of about + 1 percent’

difference between the true value and the
determined values. In those cases in N
which the true value is not known, itis.’ B Errors C

neceasary to express the exactness of a ; : -

- per component is easily attainable. | “.

K

o . J
rement in r way. This may Errors fall into two classes. Determinate
be done by obtaining the average of a, errors are those whose cause and magni-
r of ts and finding the - tude can’ ‘be determined, (Errors in method,"
18-4 - , - N
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V. MEASUREMENT OF AREAS

appatatis, operator, etc.) Indeterminate
errors are random errors which cannot be
eliminated. The distribution of indeter-
ruinae errors follows the normai probability
l;n'w as shown in the error curve. This
curve shows that positive and negative
deviations are €qually probable and that
small deviations occur much more
frequently than large ones.

AN

-20 -0 0 +0 +20

S ’

- . U’ Standord Deviation
’ 0 687
+20 + 957,
. " Y

A Methgds

1 Cutting and weighlhg'is a fairly accurate
= but tedious procedure. Besides the
errors that may arise from thickriess
and moisture content of the paper, the
chromatogram-*is destroyed. It is not
satisfactory for estimating areas of
overlapping peaks.
L .
2 The planimeter is a devise whose
- acquisition is rarely justified. In
addition to being very fatiguing, it is
necessary to acquire considerable
practice in its manipulation. The
sensitivity ‘of a normal planimeter is
usually 10 mm2,- which ig in many
cases Lnsu(fﬂcient for analytical
purposes. 5) AN

3 Integrators . .
]

a Mechanical integrators are exem-
plified by ihe Disc Integrator. This®
is a device which is attached to most
strip chart recorders. The integia-
tor pen tracing is displayed at the
bottom of the chromatogram and the
pen speed is proportional to the dis-
placement of the recorder pen from
baseline. (See tripljpfte runs of the
nonanedecane mixture.) This isa
frequently used, accurate device.

b Electronic integrators are devices
which automatically print curmulative
integrals of peak area. In addition
to offering outstanding precision,
electronic integrators automate
chromatographic operations. This
eliminates the time consuming
necessity of the chemist keening

a watchful eye on the operation.

Its biggest disadvantage is its cost.

4 Triangulation '

a Gaussian peaks
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Quantitation in Gas Chromatography’

b Tafling or 1enﬂing pe‘ak.s. trapezoidal Triplicate analysis-of nonane-decane mixture

s construction. . Cwo [ [

[« C
C ] .

e SentWapin

B Comparison of Integration Methods

Using several of the above methods on the
triplicate runs.of the nonanedecane mix-
- ture, the followin; 'nble was obtained:

COMPARISON OF INTEGRATION METHODS
” ” " Avg. osbs *  orel

MODEL 471 DIGITAL INTEGRATOR
_n-Nonane ' 39,156 29.150 29.183 35.166 0.0716  0.184%
a-Decans  €0.844 . 60.850 30.807 €0.834 0.0227 0.037%

DISC INTEGRATOR

b-Nonane  39.33 38.97 28.91 29.07 0.22 0.56%
n-Decans  €0.67 61.03 61.08 80.93 0.23 0.30%
TRIANGULATION ' . ) .
a-Nonane  40.77 40.68 . 40.07 40.51 .38 0.94%
' n-Decane  59.23 59.32 89.93 .- £9.49 0.38 0.66%
WEIGHING PAPER -
n-Nonane 42.58 473 . 42.83 42.38 0.58 131%
n-Decane  57.42 58.27 67.17  57.62 . 0.8 .  1.01%

. Summary: Flectronic digital integration is the most precise quaztitation
method; weighing paper is the least precise. Based upon this and otber
data in this publicatipn. the electronic integrator give 2 to 5 times more’
precision than Disc Integration, 4 to 10 times more.precision than .
triangalation, ;and 7 to 25 times more precision than cutting and weighing

. paper, . e P - .

.

¢ ' ) ’
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C Measurement of Overlapping Peaks
1 Components present in equal amounts. .

- Since broken line tan-
- . gent to peak y intersects
baseline after peak x
has reached its maxi- .
mum, then peak heights
may be used. If broken
line tangent to peak y
intersects baseline be-.
fore peak x has reached
its maximum, then 1
various known mixtures
of x and y are prepared,
chromatographed, and
compared to the ur.known
x and y.

2’ Trace analysis {less than 20 ppm)

a Trace component eluting before
major peak. o

In any trace

‘ analysis, one
should choose
a column and
conditions which
will allow the
minor peak to
elute before the
major peak.
This is easier
10 quantitate,

. and generally,
peak height
methods are

9 - used.

18-8

125 ‘
’

b Trace component on tafl of major
peak.

Assuming one
has tried all
conceivable
columns and .
conditions, ex-
tend biseline

as a continuation
of the solvent
peak and deter-
mine area.
Compare this
area witha
synthetic mix-
ture. Also, one .
can "gpike" the
sample with

N known amount

of the trace
component and
compare area
before and after. -
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1 INTRODUCTION

Polychlorinated Biphenyls (PCB's) haye been
widely discussed in the literature and news
media in recent years. Although the topic
levels have not'been thoroughly evaluated, -
limits for concentrations“in drinkisig water
have been set at 1001g/1. . Current studies
have indicated PCB's to have a lower chronic
toxicity than DDT by a factor of at least 2.
Toxic levels for animal life vary confiderably

. with speties. However,. due to the pronounced
capacity of aquatic life to late PCB's
in the mg/1 rangé and hence become toxic or
killed from exposure to, PCB's in the low ug/1
range, a maximum allowable concentration
of 25 mg/1 has been recommended. :

a

I OCCURRENCE

The widespread use of PCB's have resulted in
the release into the environment of these
materials.. They-have been found in rainwater,
human tissue and many species of wildlife.
Originally intended for industrial chemicals
because of their nonflammability, high
dielectric constant and plastlcizi.ng abilities,
their use has growc steadlly gmounting to an
estimated use of ¢ 400, 000 tons in 1972 in the
-United States alone. Since'the findings of PCB
in the environment, the use of these materials
have been reduced to about 20, 000 tons/year.
Sales of PCB's for all general plasticizer
applicati were di, it d on August 30,
1870, and are being phased out in other
applications. These compounds are, like the
chlorinated hydrocarbon pesticides such as

" DDT, very slow to degrade once they have
_entered the environ t, and once ingested,
‘are stored in the body's fatty tissue. The
PCB's produced commercially are mixtures,
incorporating some 50 or more of the 210

- . different PCB compounds. These mixtures

are produced commercially in the United
' States solély by one company under the trade .
name of Arochlor.

CH. PES, 23. 12,75

II ANALYTICAL METHODOLOGY . .

POLYCHLORINATED BIPHENYLS _. :

The method of analysis for these compounds
uses gas chromatography and is part of the
National Pollutant Discharge Elimination
System. The method can be found in the Federal
Register, 38, No. 75, Part Il. Because of

the similarity in nature between the PCB and
chlorinated pesticides, the game metiod can
determine both. In fact, if both are present,
they cause interferences in the identification

of each other. Consequently, the analytical 3
method containa a technique to separate the two,

Bulcany the method utilizes an extraction

step with 15% methylene chloride in hexane

and subsequent concentration. Then au initial
run is made on a gas chromatograph to
determine the complexity of the sample. If :
other interferences, or the degree of complexity,
is too large, an additional clean up procedure
must be carried out. Ultimately the PCB's _
are determined on the G. C. This defermination
is expressed as the Arochlor number after the -
basic chromatogram for the particular mixture
has been identified. The method covers the
determination of certain polychlorinated biphenyl
mixtures including: Arochlers 1221, 1232, 1242,
1248, 1254, 1260,-and 1016. The limit of ’
dgtecuon is approximately 1 ug/l1 for each
Arochlor mixture.

¢
-
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- LABORATORY PROCEDURE FOR DISSOILVED OXYGEN
° Winkler Method-Azide Modification

A
a

1 APPLICABILITY

. »

A The arzide modification is used for D Starch Sclution
b most wastewaters and streams : -
which contain nitrate mitrogen . Prepare an emulsion of 10 g of soluble
and not more than 1 mg of ferrous starch in a mortar or beaker with a
iron/l. If 1 ml 40% KF solution is small quantity of water. Pour this 8
added before acidifying the sample and emulsion into 1 liter of boiling water,
there is Do delay in titration, the method allow to boil & few minutes. and let -
is also applicable in the presence of - settle overnight. Use the clear supernate.
100-200 mg ferric iron/l. : This solution may be preserved by the
. . addition of § ml per liter of chloroform

B Reducing and oxidizing materials and storage in a refrigerator at 10°C.

should be absent. . T
-~ : ’ E Sodium Thiosulfate Stock Solution 0.75 N

C Other materials which interfere with - .
-the azide modification are:,sulf!.te. : Dissolve 186. 15 g Na_ 5 O_*5H..0O in boiled
;hiosul:fate. ‘appreciable quianﬁhﬁfsl;of ) and cooled water and 2 ute to ¥ liter.

ree chlorine or hypochlorite, g ddi 5 hlo

suspended solids, organic substances Preserve by adding ml e roform.
readily oxidized in a highly alkaline | F Sodium Thiosulfate Standard Titrant 0.0375N-.
medium, organic substances readily )
oxidized by iodine in an acid medium. Dilute 50 0 ml of stock solution to 1 liter.

. untreated domestic sewage, biological

flocs, and color which ¥ interfere Preserve by adding 5 ml of chloroform.

with epdpoint detection. A dissolved G Potassium Biiodate Solution 0. 0375N
oxygen meter Bhould be used when -

these materials are present in the Dry about 5 g of KH (IO,),, at 103°C:for
sample. 2

two hours and cool in a desdiccator.
. Dissolve 4. 873 g of the solid in water and
A - : i --dilute to I liter. Dilute 250¢ ml of this
II REAGENTS P solution to 1 liter.

Digtilled water is to be used for the H Sulfuric Acid Solution 10%
preparation of al]. soluti.ons. -

. : . Add 16 ml of conc sulfuric acid to 90 ml
A Ma.nganous Sulfate Solution of water. Mix thoroughly and cool.

-

Di.ssolve 480 MnSO - 4H,O (or 400
MnSO, - 2H <:>g 364 g MASO o n

N I Potassium lodide brysjtais . - -
water%.nd aﬂute to 1 liter.

B Alka.llne-lodide-Azide Solution - - I STANDARDIZATION OF THE TITRANT
i Dissplve 500 g sodium hydroxide {(or ’ A Dissolve 1-3 g of potassi.um i.odide in
700 g potassium hydroxide) and 135 g 100-150 ml of water.
sodium iodide (cr 150 g poitassium iodide}
in water and dilute to. 1 liter. To this . B Add 10 ml of 10% ‘sulfuric acid and mix.
solution add 10 g of sodium azZide .
. ' dissolved in 40 ml water. . C Pipet in 20 ml of the .0..0375N potassium
- . B : biiodate and mix. Place in the dark for - .
C Sulfuric Acid, Conc. o7 . 5 minutes.
The strength of this acid is8-38 N. D Titrate with the 0.0375N sodium
. : o~ thiosulfate atandard titrant to the
T e e e e e - 1 2u ., appearance of a pale yellow color.
' CH.O.do.1ab. 3c. 10, 78 - . - 20-1
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. P
. Laboratory Procedure for Dissolved Oxygen

Mix the solution t.horoughly during the
titration.

E Add 1-2 ml of starch solution and mix.
The golution is now blue in color.

F Continue the addition of the titrant,
with thorough mixing. until the
solution turns colorless.

G Record the ml of titrant used. ’

H Calculate the N of the sodium
thiosulfate standard titrant. It will be .
almost exactly 0, 0375. -

N = (ml x N) of the bliodate
ml of titrant

20.0 x 0.0375
ml of titrant

= 0.75
ml of titrant

IV PROCEDURE .
A Addition of Reagents

1 Manganous sulfate and alkaline
{odide -azide

To a full BOD bottle (300 ml + 3 ml).
add 2 ml manganous sulfate solution
and 2 ml-alkaline<odide azide reagent
with the tip of each pipette below the
surface of the nquld.

Stopper the bcmle without causing
formation of an alr bubble. )

~»

3 Rinse under running water.
4 Mix well by inverting 4-5 times.
5§ Allow the precipitate to settle until

at least 100 ml of clear supernate
have been produced.

" Repeat steps 4 and 5.

7 Add 2 ml conc. gsulfuric acid with the
tip of the pipette above the surface of

N~

8 Stopper the bottle without causing
formation of an air bubble.

9 Rinse under running water.

10 Mlx by inverting geveral times to
dissolve the precipitate.

11 Pour contents of bottle into a wide-
mouth 500 m1 Erlenmeyer flask,

B "'ITRATION

1 Titrate with 0.0375N thiosulfate to a
pale yellow color.

2 Add 1-2 ml starch solution and mix,
3 Continue the addition of the titrant,
with thorough mixing, until the
solution turns colorless.
4 Record the ml of titrant used. . 2
C CALCULATION

mg DO/1 = ml. titrant x N titrant x 8 x 1000
ml sample . !

If the N of the titrant exactly = 0.0375,

mg DO/i = ml titrant x 0, 0375 x 8 x 1000
300

= ml titrant x 1’

= ml] titrant
REFERENCE
Methods for Chemlcal Analysis of Water
& Wastes, U.S. Envi 1 P i

Agency, Eavironmenta! Monitoring &
Support Laboratory, Cinclunat, Ohlo 45268, 1974 .

" This outline wag prepared by C. R. Feldmann, .

Chemist, National Training and Operational ypQ,
Technology Center. MOTD, OWPO, USEPA,
Cincinpati, Ohio 45268

Descriptors: A.nalytlcal’ 'Technlques.
Chemical Analysis, Dissolved Oxygen,
Laboratory Tests, Oxygen, Water Analysis

‘the liquid. _1. ,) : ' ' :
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BIOCHEMICAL OXYGEN DEMAND TEST
DILUT;ON TECHNIQUE

GENERAL

A Standara Methods (1) lists three ways

. of diluting biochemical oxygen demand
" (BOD) samples: in a 1 or 2 liter
graduated cylinder, in a bottle of known
capacity (e. g.; the BOD bottle), or in
a.volumetric flask for dilutions greater
than 1: 100, followed by final dilution
in the incubation bottle.

B Thé dissolved oxygen (DO) determina-

1

tions may be made using the azide *
modification of the Winkler procedure,
or a DO meter.

REAGENTS

A Distilled water - obtained from a block

tin or all glass still; or use dejonized
" water. It must contain no’ more than
0.01 mg of copper/liter. It lust be

free of chlorine, chloramines, caustic ’

alkalinity, organic material and acids.
Aerate the water in one of three ways:
- loosely plug.the container with cotton -
and store at 20°C.for about 48 hours;
. shake 20°C water in a partially filled
. container; bubble clean compressed
‘ through 20°C water. Use dirtilled
(but not necessarily aerated) water for
he preparation of all solutions.

B Phosphate Buffer Solution - dissolve

8.5g potassium dihydrogen phosphate,
K 215’0 » 21.75g dipotasium hydrogen
phosphate, K2HPO » 33:4g disodium

- hydrogen phosphate heptahydrate,

Na HPO 7H,0, and 1.7g ammonium
ch oride. NH4C1 in about 500 ml of
water and dilute to 1 liter. The pH of
this solution is 7.2. Discard it if any
biological growth appears in the bottle.

C Magnesium Sulfate Solution ~ ‘dlssolve

22, 5g magnesium sulfate heptahydrate,
MgSO,* 7H,O, in water and dilute to
1 liter.

AR

Pt I

CH.O.bod.lab. 3a.11.77

=2

N

Calcium Chloride Solution - dissolve
27.5g anhydrous calcium chloride,
CaClz. in water and dilute to 1 liter.

Ferric Chloride Solution - dissoive
0, 25g ferric chloride, FeCl in water
and dllute to 1 liter. - :

Dilution water - add 1 ml each, of
solutions 11 B, 11 C, 11 D, and I E for
each liter of distilled water (ITA), If the
dilution water is to be store i, add the
phosphate buffer (IIB) just before use,

Seeded Dilution Water - the standard

seed material is the supernatant

liquid from domestic wastewater which

has been allowed to settle for 2436 hours
at 20°C. Use an amount which will produce
a seed correction of at ledst 0.6 mg/liter.

.Add the seed to the dilution water (II F)

on the day the dilution water is to be used.

Sodium Sulfite Solution, 0.025N - dissolve
1.575g anhydrous sodium sulfite, Na SO

in water and dilute to 1 liter. Prepare tgis
solution daily; it is unstable.

Acetic Acid Solution 50% = slowly pour 50 ml
acetic acid HC H302. into 50 ml of water.
Potassium lodide Solution, 10% - dissolve
10g potassium jodide, KI, in 90 ml water.

" Sodium Hydroxide Sclution, 1IN -dissolve 4g

sodium hydroxide, NaOH. in water and dilute
t0.100 ml, :

Sulfuric Acid Solution, IN - slowly pour
2.8 ml of conc. sulfuric acid, H SO
into 98 ml of water.

Caution: heat will be generated.

Powdered Starch Indicator - Thyodene is
one brand name.

Bromthymol Blue Indicator’~ or a pH meter.

30

21-1
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Biochemical Oxygen Demand Test Dilution Technique

Il ' INTERFERENCES/PRETREATMENT .

A Caustic Alkalisity or Acidity - this

must be neutralized to a pH of about 7

with 1 N sulfuric acid or sodium hydroxide.

Uge & pH meter or bromthymol blue as
an external indicator.

B Residual Chlorine Compounds - some
residual chlorine will dissipate if the
sample is allowed to stand for 1 or 2
hours. Higher residuals must'be
determined, and then neutralized. To
a known volume of sample between 100

"and-1000 mi, add 10 ml of acetic acid
solution, 10 m! of potassium iodide solu-
tion, mix, and titrate to the disappearance
of blue color with 0, 025N sodium sulfite
and using powdered starch indicator (or
starch solution)., Use a proportionate
amount of the 0,025N sodium sulfite to
dechlorinate the entire sample. (The
portion of sample used above to
determine the chlorine content of the
sample should be discarded, and is not
to be used for the BOD determination.)
After 10-20 minutes, check a portion of
the dechlorjnated sample to make sure
the dechlorination is complete.

- C Other Toxic Subst: - ples in~

ing other toxic aubatancer. e.g. metals in
plating wastes, require special study and
treatment.

N .

D Supersaturation - if you suspect that the
sample contains more than 9 mg of
oxygen/liter at 20°C, shake it vigorousiy
in a large bottle or flask, or pass clean
compreased air through the sample.

v SUGGESTED SAMPLE DILUTIONS

Standard Methods (1) suggests the followlng
sample dilutions. However, actual dijutions

should be determined on the basis of experience.

or information supplied with the sample.

‘Type of Waste ~ % Dilution

Strong Trade 0.1-1.0,

Raw, & Settled Sewage 1 -5
Oxidized Effluents 5-25

Polluted River Waters 25 - 100

D 21-2

C3

During the 5-day incubation period, at
least 2 mg of oxygen/liter must be
consumed, and at least 1 mg of oxygen/
liter must remain at the end of the
incubation period.

V PROCEDURE

The steps below represent one of

several ways in which the BOD can be get up,

For example purposes, assume the dilutien

water does not have to be seeded.

A Siphon 20°C unigh quality distilled
water to the 1000 m! line in a
graduated cylinder. Tilt the cylinder
slightly and allow the water to run
down the sides of-the cylinder. If the
siphon was "primed", with other water, .
""waste" about 100.m} before filling the
cylinder.

"B Add 1 ml of the ca]cium solutlou and

mix with a plunger-type mixer. '

C Add 1 mlof the magnesium sclution and
mix with a plunger-type mixer.

D Add 1 ml of the ferric solution and mix
with a plunger-type mixer.

E Add 1 ml of the buffer solution and mix
with a plunger-type ‘mixer.  (If the
dilution water were to be seeded, it
would be doneé at this point).

F Siphon about 250 ml of the dilution water
into a 1 liter graduated cylinder. If more
than 750 ml of sample are to be used, less
than 250 ml of dilution water would, of
course, be siphoned in initially. Use the
same technique as in A above. .

. .

G Measure the amount of well mixed sampie

to be used. Use a graduated pipet for
smaller sample volumes. If solids are
present in the sample, the tip of the
pipet may be cut off belpw-the bottom
graduation line. For larger sample
volumes, use the appropriate size :
graduated cylinder. -

1 . 1y
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/' ' Biochemical Oxygen Demand Test Dilution Technicue .

>

H Add the sample to the cylinder containing mg five-day BOD/1 = 7,5 - 2,5
the 250 ml of water. Allow the sample - T 1
to run down the sides of the cylinder,
B ' = 50

1 Siphon in additional dilution water to the
1000 ml line, and mix with a plunger-

type mixer. If other dilutions of the . VIl SEED CORRECTION

same sample, or other smaples, are

being set up, be’'sure to rinse the i A If you gdg seed the dilution water, a
mixer bétween uses. correction must be applied to'the

. * calculation in VI above.
J Siphon the dilution water-sa.mple mixture -

into two BOD bottles. Hold the end of the " B Do this by setting up another five-day

siphon close to the bottom of the bottle, - - BOD exactly as described above, except,

open the siphon slowly, and keep the tip use seed material instead of sample.

of the siphon just above the surface of .

the surface of the liquid as the bottle C In this case however, the five-day oxygen

fills. Allow a small amount of the depletion must be 40-70%. (In the case of

mixture to overflow the bottle; If the the sample it was a depletion of at least

siphon was "primed"”, "waste' about 2 mg/Twhth at least 1 mg/1 remaining). .

100 ml before filling the bottles. . : Consequently, it may be necessary to set

i up several dilutions of the seed in order to
K Insert the stoppers into the BOD get one wit.h a 40-70% depletion.

bottles with a slight twisting motion.

Do not use so much force that n:n air D Example Se_ed Correction Calculation

bubble is created.
Two hundred fifty ml of seed material

- L Determine the initial DO (DOi) on one of are diluted to 1000 ml with dilution water.
, - the bottles within 15 minutes. Use the . .
Winkler procedure, azide modification, 250 x 100 5 25% seed material Co
or a DO meter. . 1000 .
M Water-seal the second bottle and incubate DOi= 7.0 mg/l’ -
in the dark. at 20°C + 1°C, for five days. DO f.= 3.0 mg/l ’ o
N Determine the final DO (DOf) on the ' Depletion = 7.0 mg/1 - 3.0 mg/1
©  second bottle. Uzer the same method as = 4,0 mg/1
in L above. “(Recall the restrictions noted - .
at the end of section IV), . % depletion = 4,0 mg/1 x 100
. o k . . 7.0 mg/1
V1 EXAMPLE CALCULATIONS | o = 56 -
DOi= 7.5 mg/l . . . - Since the 25% seed dilution gave an oxygen
DO f= 2.5 mg/l _ depletion in the desired 40~70% range (56%),
100 ml = sample volume diluted in the it can be used to calculate the geed correcuon.
1 liter graduated cylinder =
10% dilution (0.1 asa E' Example Seed Correcﬁon Ca]culation
, decimal fractior) {Continued) - .
mg five-day BOD/1= . ..-DOf - - Assume that in preparing the dilution water
% sample dilution {V A through V E), you added 2 ml of seed
expreseed asa . material to the graduated cylinder before
decimal © adding dilution water {o the 1000 ml line.
ey N
. 132 . 21-3
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2 x 100 = 0.2% seed materdal in-the
1000 : dilution water

Example Seed Correction Calculation °
(Continued)

- In the example calculation in VI, a 10%

sample dilution was assumed.

If the BOD bottles contained,]0% sample.
they therefcre contained 30% dilution
water.

300 ml {(volume of BOD bottles)
0.90 (% dilution water in the BOD
bottles expressed as a decimal)

270.00 ml (volume of dilution water in the
b

BOD bottles)

Example Seed Correcﬁon Calculation
(Continued) -

- 270 ml (volume of dilution water in the
. BOD bottles)

' 0,002 (% seed material in the dﬂutlon

water expresged as a decin. .1)
0.540 ml (volume of seed material in the
BOD bottles) R
Example éeed Correction Calculation
(Continued)
0.54 x 100 = 0,18% seed material in the
300 BOD bottle!

You now have all the data you need to
calculate the seed correction.

mg tive-day BOD/I =
¢DOL - DOA) of sample-
({DO1 -'DOY) of seed material x
factor}
.% of Bample expressed
as a decimal

DOi of sample = 7.5 mg/1 (from VI above)

DOf of sample = 2.5 mg/1 {from VI above)

DOl of seed material = 7.0 mg/1 {from VII D

above) .
DOf of seed ‘material = 3.0 mg/1 (from VII D
above)
. N
21-4 1Y

Biochemical Oxygen Demand Test Dilution Technique .

% of seed in the sample BOD bottles =
0.18 (trom VII'H above) - .

% of seed in the seed BOD bottles =0.25
{from VII D above)

% of sample expressed as a decimal
fraction’= 0,1 {from VI above)

factor = % of seed in the sample BOD bottles
%of seed in the seed BOD bottles

= 0,18
0.25

= 0.72

Finally,
mg five-day BOD/1= (7.5 - 2.5)47.0-3.0)x 0.72) °

= 5.0-04.0 x 0.72)
A

=5.0-2.9
0.1

21

VI Dilution Water Check

A ﬁve-day BOD on unseeded dflutfon water

must not be greater than 0, 2 mg/) (and
preferably not more than 0.1 mg/1) If it is :
greater than 0.2 mg/1, check lﬁ contamination
in the distilled water and, or, dirty BOD bottles.
Do not use the value as a corr ‘ction on the BOD.

" REFERENCES

1. Standard Methods for the‘ Examination of
Wastewater, 14th ed.//.APHA, AWWA,
WPCF, New York, pg 543, 1975.

This outline wasprepared'ay charles ‘Re Feldmann,
Chemist, National Training and Operational
Technology Center, MOTD, OWPO, _USEPA,
Cincinnati, Ohio 45368 |

Descriptors: A.nalytlcal/ Technigues,. '
Biochemical Oxygen Demand, Chemical
Analysis, Laboratory 'I‘ests, Water Analysis
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DETERMINATION OF KJELDAHL NITROGEN
- (MICRO APPARATUS-NESSL.ERIZATION)

REAGENTS

Distilled Water

This should be ammonia=-free. v Pass
distilled water through an ion exchange
column with strongly acidic cation resin
mixed with a strongly basic anion resin.
Sulfuric Acid (20%)

20 ml acid/100 ml distilled water
Mercuric Sulfate S?olution

Dissolve 8g mercuric oxidé in 50 ml of
20% sulfuric acid. Dilute to 100 ml with
distilled water.

Digestion Reagent

- Dissolve 134g potassium gulfate in about

850 ml distilled water. Add 200 ml
concentrated sulfuric acid. Add 25 ml of
mercuric sulfate solution (C above) and
dilute to 1 litef.

Sodium Hydroxide - Sodium Thiosulfate
Solution

Dissolve 500g sodium hydroxide ‘and 25g
sodium thiosulfate peniahydrate in distilled

. "water and dilute to_1 liter.

F Boric Acid Solution, 2%

Ammonium Chloride Stock Solution
Dissolve 3.819g NH4C1 in distilled water

and dilute to 1 liter. 1.0ml = 1.0 mg
NH 3~N.

CH.N, lab, 8a. 11,77

H Ammonivm Chloride Standa ! Solutfon

n

Dilute 10. 0 ml of the stock sSolution with
distilled water to 1 liter. . .
1.0 ml = 0.01 mg NH3-N -
Sodium Hydmxfde Solution

Dissolve 160 g sodium hydroxide in 500 ml

" distilled water.

Nessler Reagent

Dissolve 100g mercuric jodide and 70g
potassium jodide in a small volume of
water. Add this mixture siowly to the
sodium hydroxide golution (J above), then
dilute to 1 liter,

EQUIPMENT PREPARATION

This procedure should-be used if the .
apparatus has been out'of serViCe for 4
hours or more. *

1 Add about 50 ml of a 1:1 mixture of
- ammonia-free distilled water and
sodium hydroxide-sodium thiosulfate
solution to each of the micro Kjeldahl
flasks to be used.

2 Add-glass beads t. each slask.

3 Attach a flask to the sieam distillation
apparatus and distill about half the
mixture.

4 Add 1l ml of the Nessler reagent to the.
distillate to check for ammonla.

a If the distmate is colorless, the
equipment is ammonia-free and the
proceditre can be repeated with the
next flask to be‘used.

b If the distillate is yellow, digcard it,
distill another half of the mixture and
check thig distillate with 1 nil Nessler
reagent. Repeat the process until the
distillate ig colorless.

22-1



Determination of Kjeldafil Nitrogen™

-
.

B

A1l DIGESTION OF SAMPLE
. A Preparation of Digestion Mixture
1 Shake the sample.

" 2 M'ehure 50.0 ml sample into a 100 ml

Kjeldahl flask.
3 Add 10 glass beads. -
4 'Add 10 mlof the digeftion reagent.

B Digestion | * - ’ .

1 Place the flask ln a properly ventilated
Kjeldahl digestion apparatus.

2 Turn on the heat source. -

Ev poraie the mixture until sulfur

-tripxide (SO4) fumes are given off.,

(503 fumes are white. Also, the solution

will be pale yellow.)

4 Cpntiniue heating for an additional 30
utes. - ; ‘

s rn off the heat source,

6 .Cool the residue in the flask.

N .

IV STEAM DISTILLATION

) .
A Preparation of the Digestion Residue

~1 +Add 30 ml of ammonia-free distilled
' - water to the digested residue in the
* Kjeldatil flask. .. *
| 2 'Connect the flask to the ground glass
joint of the micro steam distillation
* apparatus.

3 Measure 35 ml of water in a graduate,
. pour it into a 50 ml Nessler tube and
mark the tube at the 35 ml meniscus.
' . Empty the tube,

Add 5 ml of 2% loric acid to the 50 ml
Nessler tube.

5 Position the Nessler tube so that the
tip of the condesnser is below the

level of the boric acid solution in
the tube,

O
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., 6 Carefully add 10 ml of the sodium hydroxide-
' sodium thigsulfate solution from the
dropping funnel, ol :

v

B8 Distillation -
.1 Turn on the heat source. -_

2 Distil) at a rate of 6-10 ml/minute up
to the 35 ml mark on the Nessler t_ube. S -

3 Remove the receiving naék.

4 Put a-small beaker under the fondenser
tip to receive any additional distillate.

5 Turn off the heat source if there are ng
more digestion regidues to distiil.

V COLORIMETRY FOR AMMONIA-
NESSLERIZATION .

. 1f the ammonia content is found to be greater

than 1 mﬂ/uter. a titration procedure should: .
be used(?) rather than Nesslerization.

A’ Pre;;araﬁon of Stnndarda and Sample

1 Label éight 50.0 ml Nessler tubes with o o
the following: 0, 0.5, 1, 2, 4, 5, 8, and--
10. - -
2 Pipet the following volumes of ammonium
: chloride standard solition into the corre-
8pondingly labeled tybes: 0.5 mi, 1.0 ml,
2.0ml, 4.0ml, 50ml, 8,0 ml, and
10.0 ml, -~ ° - ’

3 Mark "S" on the Nessler tube

- containing 35 ml of distillate. ot

. : o .
4 Pour ammonia-free distilled water into_ .
the tube labeled "0", bringing the volume
to-the 50.0 ml line. _

’ [N
5 Add ammonid-free distilled water to each,
of the remaining 7 tubes. bringing the -

volume of each to the 50,0 ml line, . -

N
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Determination of Kjeldahl Nitrogen

. . . .
» .

6 Add 1.0 ml of Nessler Reagent to each : .50.0°ml in the Nessler tubem N
K of the 9 tubes, result is mg NH3-N/50.0 ml, For
. . - example, if 0.5 ml of standaxd was used, e
" 7 Mix the solution in the "0" tube using a " the c - centration is . ]
+ 7 . capor a rubber stopper on the top, then (0.'5){0, 01) = 0,005 mg 3-N/50.0 ml,
. inverting the tube three times. . . N .
N ! 2 Plot the absorbance values for the
* 8 Remove, nnse. and dry the cap or . standards against these calculated
. s Btopper. - e T concentrahons. . ;
[N . -
. 9 Repeat steps 7 a.nd 3 to mix the contents 3 .Draw the best straight line from zero
of the other 8 tubes. mmugh all the pomts. TS
. . . .
. 10 After mx.xﬁ:g. let the tubes stand in s . B Using the Curve — b, . .
rack for 20 minutes before getting - . N : . “ . -
! absorbance readmgs. N l To find the NH3-N concentration in the i *
: . " sample. locaté its abso;bance value on
B Spectrophotometrlc Read_lngs . . the curve.
1 Turn the instrument on. T 2 Find th&correspondlng mg NH3-N/SO om
. . . by dropyin a-vertical line to'the
2 Set the wavelcngth a$ 425 nm. - . : -concentranm axis, . - ..
. 3 After the 20 minute time span, use the, K .3 Recor(thia result. ;
" contehts of the "0" tube to adjust to zero : R . L.
absorbance on the spectrophot}mder. . * i ’ .
. Vll FINAL CALCLLATIONS- .
4 Using the. contents of the tube labeled . R
. 0.5, rinse. then fill an instrumeént cell, A Use thisformula to calculate thal KJeldahl !
. - . Nitrogen: .
5. Place the cell in the holder and reco:.d AX1000 B Lt
the absorbance value from the instrument. TKN, mg/l me XT
- 6 Discard the contents, from the cell, » ‘ ' ‘
B ~ Where: - @A

7 Use ammonia-free distilled water to

rinse the cell three times. A= mg tﬁ-’NIS0.0 ml {rom curve

B = ml to distillate including boric aclq
C =.ml distillate taken for Nesslerization

8 Repeat steps 4 through 7 to.obtain ml sample = ml of original sample takén

- absorbance valués for the rest of the

standards and for the sample, g

B An example calcufation using the value from
the calibration curve would be;

Pe, .

9 Tuarn off the instrument.
' TKN, mg/1 = Ax 1000

VI CALIBRATION CURVE ' : ' - ml samplé” C -
' .
A Constructing the Curve 1t .
-,
I Calculate the concentration of each B= : Py (30 ml distillate + 5 m? boric i)
* < standard by multiplying the ml of C: 35ml ¢ ac
working standard used times 0.01 mg/ml, 1 sample = 50 ml - .

- which is the concentration of the ml samp b

standard solution. This was diluted to

_‘ s
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- Determination of Kjeldahl Nitrogen

D. .
.- Then:
e 20 1
.. TN, mgf1 = 0:048 % m_ox;_;
. 1 1
, ='0,045X20% 1
., = 0,045 X.20
= 0,90

TKN = 0,90 mg/l
. REFERENCE o
.1 Methods for Chemical Analysis of
Water & Wastes, U.S. Environmental
* Protection Agency, Environmental

Monitoring & Support Laboratory,
Cincinnati, Ohio, 45268, 1974 .

-
B 9
k] .
" .
o .
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LABOkA'I’ORY FOR CHEMICAL OXYGEN DEMAND DETERMINATION

1 REAGENTS AND EQUIPMENT

A Potassium Dichﬁ.ﬁ\e Solution - 0. 25N

. B Ferrous ammonium sulfate solution

approximately 0.1 N

Sulfuric Acid - Concentrated

Silver Sulfate - Analytical Reagent
N .

C

» D Mercuric Sulfate - Analytical Reagent
E
F

o-Phenanthroline Ferrous Indicator
(Ferroin)

G Flasks, Erl'e.nmeyer. 250 or 500 ml,

24/40 T Joint

H Condenser, Friedrichs Reflux 24/40

T Joint

I Burette, 25ml

J Glass Beads or Porcelain Chips

II PROCEDURE

A Measure 20 ml of sample or aliguot dilu;ed

to 20 ml with distilled water, and place
in the Erlenmeyer flask then add:

1 0.4 gram mercuric suifate

w

2 2 ml concentrated H,_SO contain no
Ag,SO,; swirl to dissole the HgSO,

3 10ml10.25 N K,Cr,0,

4 28 ml concentrated H,50, (cautiously)

CH. O.¢c. lab. 3c. 11,77

s

5 0.3 gram AgySOy4. If 22 grams of
AgyS0, are gissolved in a 9 1b bottle of
H2§0 {1 to 2 days required for

dissolution), separate addition of

AgyS0, is not necessary.

A

6 Several glass beads or porcelain chips
Mix well by swirling flask before applying
external heat. «

Connect flask to condenser and reflux for
two hours.

Wash down the condenser with distilled
water and cool to room temperature.

" Add 3-5 drops of o-phenantroline ferrous

indicator and titrate to a red endpoint
with standardized ferrous ammonium
sulfate solution.

Carry a blank, consisting of 20 ml of
distilled water, through the same °
procedure. .

Standardization of ferrous ammonium
sulfate solution

1 Pipette 10 ml of 0. 25:N K,Cry0; into
a 500 ml Erlenmeyer nasﬁ.

2 Add 100 ml of distilled water.
3 Add 20 ml conc. HpSO4 |
4 Add 3-5 drops of o-phenanthroline

ferrous indicator and titrate to a red__
end-point. :

INormality of Ferrous soln.=

10 X 0. 25
ml ferrous soln.

(65}
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. COD mg/1

Laboratory for Chemical Oxygen Demand Determination

..l CALCULATION OF COoD

a ~bX normality of ferrous soln.
X 8000
ml of sample

’

a = ml ferrous ammonium sulfate used for
blank

b = ml ferrous ammonium sulfate used for
sample

IV SPECIAL DIRECTIONS FOR LOW-LEVEL
CcoD

A. Use 0.025 N potassium dichromate
~ solution and 0, 025 N ferrous ammonium
sulfate solution instead of the 0,25 N
reagents. The procecure and calculation
are unchanged excepting N. :

B The ferrous ammonium sulfate
is not stable and must be standardized
just before use.

C Keep the reflux anparatus assemblert
when not in use. '

D The outlet tube of the condenser should
always be lightly plugged with glass
wool, both during storage and when in
use. .

E Before disconnecting the flask, wipe the
condenser and the flask neck with a damp
cloth to remove dust particles. ’

F Periodically, the glass apparatus should
be steamed out to remove trace organic
contamination, using the following
procedure:

23-2 ’
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Add 10 m1 0,25 N K,Cr,0, and 50 ml
distilled water to the flask,

N

Carefully add 30 ml conc. sulfuric acid
and mix thoroughly.

3 Connect the flask to the condenser but
do ot turn on the water supply.

4 Apply heat to the flask until the acid
mixture boils and steam emerges from -
the condenser. N

5 Remove heat, cool, and discard the
acid mixture.

REFERENCES

1 Methods for Chemical Analysis of water™”
& wastes, U, S. Environmental Protection
Agency, Environmental Monitoring &
Support-Laboratory. {

~»

Standard Methods. 14th ed,
Method 508, pg 550, 1975.

3 Van Hall, C.E., Safranko, J., and
Stenger, V.A., Anal. Chem. 35: 315
1963. -

L.

Schaffer, R.B., Von Hall, C.E., McDer-
tt, G.N., Sebesta, S.J. and
Griggs, S.H. Applications of the
« Carbon Analyzer, Lab. and Field
Tests. Presented 37th Annual Conf.
WPCF, Ball Harbor, Fla. 1064.

- Thig outline was prepared by R. J. Lishka,

Research Chemist, Water Supply Programs
Division, Office of Water Programs, EPA,

.- Cincinnati, OH 45268 and modified by Charles

Feldmann, Chemist, National Training Center,
Office of Water Programs, EPA, Cincinnati,
OH 45268. ‘
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. LABORATORY DETERMINATION OF SURFACTANTS
(Methylene Blue Active Substances, MBAS)

I REAGENTS
A Stock Linear Alkylate Sulfonate (LAS)

Weigh an’amount of LAS (obtainable from
the USEPA., Environmental Monitoring
and Support Laboratory, Cincinnati, Ohio)
that will give a concentration of 1.00 mg
LAS.per 1,00 m! when dissolved in
distilled water and dilated to 1 liter.

Store the solution in a refrlgerator. ’

Prepare fresh woiek.ly.
B Standard Linear Alkylate Sulfonate (LAS)

Dilute 10.0 ml of the atoc-'k LAS solution

to 1 iiter; 1.00 ml = 10.0 ug LAS. Prepare

fresh dai.ly.
c Phenolphthaleth Indicator
D Sodlum' Hydroxide, 1 N

Dissolve 40.0 g of NaOH in water and dilute
to 1-liter.

E Sulfuric Acid, 1N
Slowly add 28. 0 ml of concentrated HySO,
to water and dilute to 1 uter.

F Chloroform. CHC1,
G Methylene Blue

Dissolve 100 mg of methylene blue in

100 ml of distilled water. Transfer 30 ml
of the solntion to a 1 liter volumetric flask.
Add 500 ml distilled water, 6.8 ml concen-
trated H250 , and 50 g NaH PO4 H,0.
Shake the nuk to disaolve the solid.

Dilute to the 1 liter mark.

H Wash Solution ' .
Add 6.8 ml concentrated HZSO4 to 500 mt
of diatilléd water in a 1 liter volumetric
flask. Add 50 g NaHaPO,4* H-O and shake
until the solid dissolves. Di.fute to the
1 liter mark. .

CH.DS.18b.2.11.77  ° ' 140

PROCEDURE

Pipet the following volumes of the standard
LAS into 200 ml separatory funnels (with
Teflon stopcocks): 0,0, 1.0, 3.0, 5,0,

7.0, 9.0, 11.0, 13.0, 15.0 and 20.0. Add
sufficient water (graduated cylinder) to brlng
the volume in each flask to 100 ml,

Add 100 m1 of sample- (graduated cylinder) *
to another separatory funnel.

Add 3 drops of phenolphthaleln indicator to
the sample and mix. .

Add 1 N NaOH dropwlae to the sample until
a permanent pink color is present.

Discharge the pink color with 1 N HySO;.

Add 10 ml CHCl3 and 25 ml of the methylene
blue reagent (graduated cylinders) to the
separatory funnels containing the sample
and standards.

Rock the funnels gently for a few seconds
and relieve the pressure in the funnels.

Rock the funnels vigorously for 30 seconds.

Allow the layers to separate. The uPPer
aqueous layer is dark blue in color while
the lower CHCla layer is light blue in color.

- .
Remove the funnel stoppers and drain the
lower CHCl3 layer into 125 ml Erlenmeyer
flasks.

Add 10 ml CHCl,4 to each of the funnels
(sumple and standards). .

Repeat steps G, H, I and J, using the same
125 ml Erlenmeyer flasks as in step J,

Repeat the extraction process 2 more times
(4 total) with 10 ml portions of CHC13.

Note that in the case of the sample funnel,
if the blue color disappears from the water
layer during any of the 4 extractions, a
smaller sample size must be yged. -
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Laboratory Determination of Surfactants

N Discard the water layers left in the sample
and standards funnels.

O Rinse all of the separatory funnels ﬂgor-
ously with tap water, and then rinse with
distilled water.

P Pour the CHClg from the Erlenmeyer flasks
back into the separatory funnels.

Q Add 50 ml of wash solution to the sample
and standards funnels.

R Repeat steps G and H.
S Allow the layers to separate. .

T Flace a small piece of glass wool in a
small filtering funnel,

U Place the filtering funnel in & 100 ml
volumetric flask.

Y Drain the lower CHCl layer from the
separatory funnel, throug‘\ the glass wool
in the filtering funnel, and into the 100 ml
volumetrlc flask,

W Add 10 ml CHC],, to the seputtory funnel
- containing the wilh _solution,

X Repeat steps G lnd H.

Y Allow the layers to separate,

Z Repeat step V.

AA Repeat the extraction with & second 10 nil
portion of CHCl; and drain it into the
100 ml volumetric flask,

BB Rinase the filtering funnel and glass wool

with & small amount of CHCl3, Collect the

rinsings in the 100 ml volumetric flusk,

CC Bring the CHClj in the volumetric flask to
the 100 ml mark with CHCl3.

- DD Using a CHCP blank and 1 cm cell, read the

absorbance of the sample and standards at

652 nm in a Spectronic 20 spectrophotometer.

" 24-2

III CALCULA'I’IONS

A Prepue @ calibration graph for the standards
of LAS concentration vs, absorbancy.

Example:

1 Concentration of standard LAS =
10,0ug LAS per 1.0 ml

2 10UELAS » 5.0m of otandard= 50.0 g LAS

,
3 The 50.0 ug may be uged as a "mass"
value on the X axis of ﬂ‘m graph, or

4 The 50.0 ug is in a 100 ml volumetric
flask.

50.0 g _ 500.0ug _ 0.5 mg

100 ml 1000 ml liter

The 0.5 mg per liter may be used as a
""concent ~tion" value on the X axis of
the graph, .

REFERENCE

Standard Methods for the Examination of Water
and Wastewater, 13th ed., page 339, -
Method 159 A, American Public Health
Association, American Water Works
Association, Water, Pollution Control
Federation, Washington, D. C, 1971,

)

Standard Methods, 14th ed, Method 5234;
g 600, 1975,

‘This outline was prepared by C. R. Feldmann,
“Chemist, National Training and Operational

Technology Center, MOTD, OWPO. USEPA,

Cincinnetl, Ohio 45268. A

« N

Descriptors: Chemical Analysis, Surfactants,
Laboratory Tests, Linear Alkylate: Sulfonates,
Water Analysis
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. 1 REAGENTS

.

_GH.0G.1ab. 111,77

LA}RORATORY DETERMINATION OF OIL AND GREASE-

A I':reon TF (E. 1. DuPont de Ne mours) or
Genosolv D (Allied Chemical Co. ); the
symbol TF/D will be used throughout this
procedure to mean this particular solvent.

B Hydrochloric or Sulfuric Acid
Fifty percent by volume.
C Sodium Sulfate

I PROCEDURE .

A Weigh a 125 ml distilling flask on an
analytical balance. Handle the flask
throughout the entire procedure with a
tissue or crucible tongs. Set the flask
aside until it is needed.

B Shake the sample container.

C Measure 1 liter of samplé in a graduated
cylinder. .

D Measure 5 ml of 50% by volume HC1 or
HyS04 in a small graduated cylinder.

E Add it to the 1 liter graduated cylinder.

F Emﬁty the 1 liter cylinder into a 1 Uter
sepﬂratoyy funnel (Teflon stopcock).

G Stopper the funnel and shake gently so as
"to mix the acid and sample,

H Check the pH of the gample with pH

* gensitive paper. If it is not 2 or less.
add a few more drops of acid, mix, and
recheck the pH.

I Rinse the 1 liter cylinder with 30 ml of
TF/D (meuured in a small graduated
cylinder).

J Add it to the separatory funnel. The TF/D
,will form a separate layer beneath the
water.

K Replace the funnel stopper, invert the -

. funnel, and open the stopcock to relleve
. the pressure.

L Close the stopcock and shake the funnel .,
gently for a few Seconds.

.M Opéen the st‘aopcock to relleve the p.ressure.

N Repeat steps L and M.

O Close the stopcock and ghake the-funnel
more vigorously fur 2 minutes. Thorough
mixing without excessive foaming ig the
objective.

P Repeat step M.

Q Place the funnel back in the ring stand and ~
remove the stopper.

R Allow the water and TF/D layers to separate.

S Drain the lower TF/D layer into the
previously weighed 125 ml distilling
flask. About 1 drop of the TF/D should
remain in the separatory funnel. If the
TF/D layer is not clear, filter it 'into the
flask through a small funnel containing -
filter paper and about 1 g (estimate) of *
anhydrous Na,SOg4.

T Measure 30 ml of TF/D in a small graduated
cylinder.

U Add it to the separatory funnel.

V Repeat the two gentle shakings, pressure
rellef, 2 minute vigorous shaking, and layer
separation as above.

W Repeat step S, using the game distilling
flask. The flask now contains about 80 ml
of TF/ D. .

X Repeat steps T, U, V, and W. The flask
now contains about 90 ml of TF/D. If the
small funnel and NagSO4 were used, wash

25-1



Laboratory Determination of Oll and Grease

them with a few ml of TF/D. Collegt the . REFERENCE ; A
. washings in the distilling flask.

Methods for Chemlcal Analysis of Water &

. Y Evaporate the TF/D at 70°C on a water Wastes, U, S. Environmental Protection

"bath. (Heat the lower third of the flask Agency. Environmental Monitoring &

only.) : ’ . Support’ Laboratory. Cincinnati, Ohio .
. © - 45268, 1974,
z Ralse the temperature of the bath 4o 80°C ,

for 15 mlnutes.

AA Apply suction to the warm flask for 1 *
‘minute.

BB Wipe the outside of the flask thoroughly .
with tissues and cool it in a desiccator for
about 20 minutes. v .

+ CC Weigh the flagk on the same balance as . - -
before.’ - This outline was prepared by C. R. Feldmann,
’ National Training and Operational Technology
Center, MOTD, OWPO, USEPA, Cincinnati.
III CALCULATIONS Ohio 45268.
mg of oil and grease/l = Descriptors: Chemical Analysis, Laboratory
[(wt. of flask + oil and grease) - (wt, oI flas' ‘') *  Testa, Oil. Oil Pollution, Water Analysis
X 1000 X 1000/ m! of sample

* All weights in grams ’

. -
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. CH. PHEN. 1ab. 1. 11, 77

' LABORATORY DETERMINATION OF PHENOL
DIRECT PHOTOMETRIC METHOD

I REAGENTS . H Potassium Ferricyanide Solution
A Methyl Orange Indicator ) Dissolve 8,0 g of K3Fe(CN)g-1n dlistilled ¢
. water and dilute to 100 ml, "Prepare this
Dissolve 0.5 g of the indicator in 1 liter solution fresh weekly.

of distilled water. .
I Concentrated Ammonium Hydroxide
B Phosphoric Acid Solution : .
- Dilute 10 ml of 85% H3PO4 to 100 ml with II PROCEDURE
distilled water. . . .
A Measure 500 ml of sample (graduated cylinder)

C Copper Sulfate Solution . and pour it into a large beaker.
LCissolve 100 g of CuSO4 * 5H9O in distilled B Add 3 dropse of methyl orange indicator to
water and dilute to 1 liter. the sample and mix. If the resulting color,
is yellow/orange.‘the solution is alkaline.
D Stock Phenol Solution : 1f it is plnk/red. the golution i acidic.
Dissolve 1..00 g of reagent grade phenol C Add a drop of H3POy4 solution (eyedropper)

. in freshly boiled and cooled distilled water to the sample and mix. A pink/ red color
and dilute to 1 liter. Ordinarily, this direct should be present (pH-approximately 4).
weighing of phenol constitutes a standard - . If it i8 not. add d Second drop of H3PO4 and
solution. However, if extreme accuracy mix. s
is needed, the golution must be standardized
(see paragraph 222 C, 4a, page 505 of the D Pipet 5.0 ml of Cu804 solution into the sample
cited reference). and mix. L

E Intermediate” Phenol Solution ° .+« E Remove the small rubber stopper from the
distilling apparatus. ingsert a small funnel
Dilute 10. 0 ml of the stock phenol solution in the hole. and pour the sample through the
20 1 Uter with freshly boiled and cooled - funnel into the distilling flask. Glass beads
Jistilied water; . are already in the flask. . * .
1 mi= 10,0 ug phendl F Distill 450 ml of sample into a 1 liter

Erlenmeyer flask.
* 8:ir.n.onium Chloride Solution

w3

G While the sample is distilling (ckeck it every

Dissolve 50 g of NH4Cl in distilled water 5-10 mﬁtes). pipet the following amounts of
and dilute to 1 liter." intermediate phenol solution into 100 ml ’
. volumetric flasks and dilute to the mark
G Aminocantipyrine Solution with distilled water: 0.0, 0.5, 2.0, 5.0,
10.0, 20.0, and 35.0 mi. Use these ml .
Dissolve 2.0 g of 4-aminoantipyrine in values as markings on the volumetric flasks.

distilled water and dilute to 100 ml.
Prepare this_solution on the day of use.




Laboratory. Determination of Phenol, Direct Photometric Method

H Remove the source of heat trom tihder the . U After 15 minutes measure the absorbance

distx]ling flask. . . of all nine of the solutions at 510 nm.
0 "Zero" the instrument against the solution
1 When boiling ceases, add 50 ml of phenol in the "0" flask, ‘i. e., the reagent blank. .

free distilled water (graduated cylinder) to
the distilling flask.
. - Jiis CALCULATIONS

‘ A Preparea ca.libration graph with absorbancies
. “ . . nlong the vertical axis and mg of phenol along
J 13th Standard Methods (par. 222B, pg 502, . ‘the horizontal axis. _For_ example-
& par. 222D pg 507) is cited by the EPA to
Methods manual. ’ Concentration of intermediate phenol
. . : solution =, 10.0 z g/ml. If 35.0 ml of this
. . . solution is used. then 0.350 mg‘ (350.0 y4 g)
. is the value on the horizontal axis.
. - 3 B Determine the mg of phenol present in the
K Pipet 25.0 ml of the distillate into a 100 ml ‘distillate (sample) and "'scale it up" to a per
volumetric flask and dilute to the mark with liter basis., For example:
distilled water. Mark the flask 25. .
s 1f there were 0, 10 mg ih 100 ml of distillate, v
L Fill a 100 ml volumetric flask to the mark then the firial @fswer is 1.0 mg of phenol/liter.
> with the distillate. Mark the flask 100. .. ' . '
Note: The nam? of the parameter as listed in
.M Put the same numbers on nine 125 ml Table I of the Federal Register, Tuesday,
Erlenmeyer flasks as were used on t.he L October 18, 1973, vol. 38, number 199 is

nl.ne  volumetric flasks. Phenols (item 55). However, positive resulte
’ , .are also given by certain substituted phenols.
N Plpet 2.0 ml of ammonium chloride solution .
into each of the nine Erlenmeyer flasks. .

REFERENCE . , . L.

O Four the contents of each volumetric flask .
into the correspondingly marked Erlenmeyer

flask. Mix by ewirling the flasks. Methods for Chemical Analysis of Water &

Wastes, U.S. Environmental Protection

Agency,
P Calibrate a pH meter.using pH 9 buffer. . Suﬁ::r{ Im:ot:?yenml Monitoring &

Q Using an eyedropper, add conéentrated
ammonium hydroxide to each Erlenmeyer
flagk until a pH of 10.0 % 0.2 is obtained.
Be careful to ringe the electrode thoroughly
after each use.
R Turn on the Spectronic 20 (warm up). //

This outling.war‘prepared by C. R. Feldmann,
S Pipet 2.0 ml of 4-aminoantipyrine into all 8%, National Training and Operational

of the Erlenmeyer flasks. Mix well Technology Center., MOTD, OWPOQ, USEPA,

lmr::// ’ Cincinnati, Ohio 45268, ~ . . o
T -0 ml of potassium ferricyanide into Descriptors: Chemical Analysis, Laboratory

all of the Erlenmeyer flasks. Mix well by Tests, Water Analysis, Phénols
_swirling. .
e
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I INTERFERENCES B

vy

K T ) .
METHOD FOR POLYCHLORINATED BIPHENYLS . s

(PCB 'S) IN INDUSTRIAL EFF LUENTS

SCOPE AND APPLICATION

A This method covers the determination

of certain polychlorinated biphenyl
- (PCB) mixtures including: Aroclors
1221, 1232, 1242, 124 1254, 1260
and 1016, . -
B The method is an extension of the
method for organochlorirse pesticides
in industrial emuents. It is
designed 80 that determination of
both the PCB's and the organochlorine
pesticides may be made on the same
sample.

C The limit of detection is npproximately
1ugl1 for each Arqclor mixture.

S'TMMARY N . ° ~.
A 'The PCB's and the organochlorine

pesticides are co-extracted by
liquid-liquid extraction and, insofar
as possible, the two classes of com-:
pounds separated from one another
prior to gas chromatographic deter-
mination. A combination of the
standard: Florisil column cleanup
procedure and a silica gel micro-
column separation procedure are
employed.(2: 3) 1dentification is

made from gas chromato,

patterns obtained-through the use of

ore unlike columns. De- ‘

tection and measurement is accom-
plished using an -electron capture,
microcoulometric, or electrolytic
. conductivity detector. Techniques
for confirming qualitative identi-
fication are suggested.

b

" A" Solvents, reagents, glassware, and

other sample processing hardware

may yleld discrete artifacts and/or

elevated baselines causing misinter-
. pretation of gas chromatograms.

B

CH. PES. lab. 18. 9. 74

14

~

6

All of these materials must be
demonstrated to be free from inter-
ferences under the conditions of the" .
analysis. Specific 'selection of reagents
and purification of solvents by distil-
lation in all-glass systems may be
required. Refer 'to (4), Part 1, o
Section14and15.. . -

B The interferences in ,industrial emuents

are high and’ varied and pose gpeat
difficulty in obtaining accurate and
precise measurement of PCB's and
organochlorine pesticides. Separation

- and cleanup procedures Are .generally. .
-required to eliminate these inter- s
ferences; however, such techniques may
result in the loss of certain organo- .
chlorine compounds. For this reason
great care should be exercised in the
selection and use of methods for
eliminating or minimizing interferences,
It is not posstble.to describe pro- -
cedures for overcoming all of the inter- .
ferences that may be encountered. in
industrial wastes.

.

C Phthnlate esters, certain organophos-

phorus pegticides, and elemental sul-
fur will interfere when using electrom—
capture for detectton.:—These materials

+ do not_interfére when the microcoulo-
metric or electrolytic conductivity
detectors are used in the halogen mode,

D Organochlorine pesticides and other’

. halogenated pounds i inter-

- ferences in the determination of PCB's.
Most of these are separated by the
method described below. However,
certain compounds, if present in the
sample, will occur with the PCB's.
Included are: Sulfur, Heptachlor, aldrin,
DDE, technical chlordane, mirex,- and
to some extent o,p'-DDT and p,p'-DDT.

IV APPARATUS AND MATERIALS

A Gac Chromatograph - Equipped with

glass lined injection port.

2744



Method for Polychlorinated Biphenyls in Industrial Effiuents
— -

Detector Options:
1 Electron Capture - Radioactive
(trTtium or nickel-63)

2" Microcoulometric Titration

3 Electrolytic Conductivity
Recordér - Potentiometric strip
chart (10 in.,) compatible with
detector system,

Gas Chromatographic Column
Materials:

Tubing - Pyrex '(180 cm long x
4 mm ID)

\aa Wool < Stlanized

3 Solid Support - Gas-Chrom Q
(100-120 mesh)

"4 Liquid Phases - Expressed as
weight pergent coated on golid
support: )

SE-30 or OV-1, 3%

- b—OV-iT,

Kuderna-Dunish (K-D)" Ghasware
(Komea)

a i

1.5% + QF-1, 1.95%

w1 Snyder Columns - three ball

(macro)
Evaporate Flask - 500 ml

‘Receiver Ampuls - 10 ml,
graduated

4 Ampul stoppers

Chromatographic. Column -~ Chroma-’
flex (400 mm long x 1¥ mm ID) with
coarse fritted plate on bottom and
Teflon stopcock; 250 ml reservoir
bulb at top of column with flared out
funnel shape at top of bulb - a special
order (Kontes K-420540-9011),

O
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Chromatographic Column < Pyrex
(approximately 400 mm long x 20 mm
ID) with a coarse fritted plate on bottom.

Micro Column Pyrex - constructed
according to Figure 1.

Capillary pipets disposable (5-3/4 in.)
with rubber bulb. (Scientific Pro-
ducts P5205-1). ’

Low pressure regulator - 0°to-5 PSIG -
with low-flow needle valve (See Figureil,
Matheson Model 70).-

Beaker - 100 ml

Micro syringes - 10, 25, .50 and W
100 ul. :

Separatory Funnels - 125 ml, 100 ml],
and 2000 ml .with Teflon stopcocks.

Graduated Cylinders - 100 ml, 250 ml
and 1000 ml,

BlenMgLSpeed"iﬁEﬁ or ‘stain- .

/Iess cup. .

P

Florisil - PR Grade (60-100 mesh);
purchase activated at 1250 F and

‘store in the dark in glass containers

" caps.

with glass stoppers or fofl-lined screw
‘Before use, activate each batch.
overnight at 130 in foil-covered glass
container. Determine hurlc-acid valug
(See Appendlx 1). d

Si.lica gel - .Davison code 950-08-08-
226 (60/80 umesh) '

Glass Wool - He.xnne extracted.

Cenirlfuge Tubes - Pyrex calibrated
(15 ml).

s

V  REAGENTS, SOLVENTS AND STANDARDS

Ferrous Sulfate - (ACS) 30% solution
in distilled water.

Potaaalmn Iodide - (ACS) 10% solution
in distilled water
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. Method for Polychlorinated Biphenyls in Industrial Effluents

Sodium Chloride - (ACS) Saturated
solution (pre-rinse NaCl with
hexane) in distilled water.

Sodium Hy-droxide - (ACS) 10 N in ..
diatilled water. N

Sodium Sulfate - (ACS) Granular,
anhydrous, conditioned for 4 hours
@ 400 C, -

Sulfuric Acid - (ACS) Mix equal
volumes of goncentrated HpSOy
with dfstilled water.

. Diethyl Ether - Nanograde, redis-

tilled in glass, if necessary.

1 Must contain.2% alcohol and be
free of peroxides by following
test: to 10 ml of ether in glass-
‘stoppered cylinder previously
rinsed with ether, add one ml of
freshly prepared 10% KI solution.
Shake and let stand one minute.

«tr—eNo-yellowcdl6F should be ob-

H

1

J

K.

8served in either Jlayer. .

2 Pecompose ether peroxides by
adding 40 g of 30% ferrous sul-
fate golution to each liter of sol-
vent. CAUTION: Reaction may be
vigorous if the golvent contains a
high concentration of peroxides’.

3 Distill deperooddlzéd ether in glass _ .
and add 2% ethanol.

n-Hexane - Pesticide quality (NOT
MIXED HEXANES),

Acetonitrile, Hexane, Methanol,
Methylene Chloride, Petroleum Ether
(Boiling range 30-60°C) - pesticide
quality, redistill in glass if necessary.

Standards - Aroclors 1221, 1232,
1242, 1248, 1254, 1260, and 101S.

Anti-static . Solution - STATNUL,
Daystrom, Inc., Weston Instrument

. Division, Newark, N.J.95212,

‘14'.'

VI  CALIBRATION

__VIL._QUA u:uzlconma.

A

A

Gas chromatographic‘operaﬁng
conditions are considered acceptable
whe the response to dicapthon is at !
least 50% of full scale when < .06 ng
is injected for electron capture de-
tection and 2 100 ng is injected for
microcoulometric or electrolytic con-
ductivity detection. For all quantitative
measurements, the detector must be
operated within its linear response
range and the detector noige level
‘should be less than 2% of full scale.

Standards are mjected frequently as a
check on the stability of operating con-
ditions,. detector and column. Example
chromatograms are shown in- Figures 3
through 8 and provide reference oper-
ating conditions.

Duplicate and spiked sample analyses
are recommended as a quality control
check. When the routine occurrence
of a pollution parameter is observed,
quality c%x}trol chartsare also recom--
mended. ¢

Each time a set of samples is ex-*
tracted, ‘a method blank is determined
on.a volume of distilled water equal
to that used to dilute the sample.

VIl SAMPLE PREPARATION

Blend the sample if suspended matter
is present ~nd adjust pH to near
neutral (pH 6.5-7.5) with 50% sulfuric
acid or 10 N sodium hydroxide.

For a sensitivity requirement of 1 ug/l1,
when using microoulometric or electro-
lytic ‘conductivity methods for detection
take 1000 ml of samplefor analysis.

If interferences pose no problem the
sensitivity of the electron capture
detector should permit as little ap

100 ml of sample to be used.” Back-

ground information on the extent and-

. nature’ of interferences will assist the
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g

andlyst in choosing the required
sample size and preferred detector.

Quantitatively transfer the proper
aliquot into a two-liter separatory
funnel and dilute to one liter.

IX EXTRACTION

A

Add 60 ml of 15% methylene chloride
in hexane (mv) to the sample in the
separatory funnel and shake vigor-
ously for two minutes.

Allow the mixed solvent to separate-
from the sample, then draw the
water into a one-liter Erlenmeyer
flask. Pour the organic layer into
a 100 ml beaker and then pass it
through a column containing 3-4
inches of anhydrous sodium sulfate,
and collect it in a 500 ml K-D
flagk equipped with a 10 ml ampul.
Return the water phase to the separ:
atory funnel. Rinse the Erlenmeyer

‘fiask with a second 60 ml volume

of solvent; add the solvent to the
separatory funnel and complete the
extraction procedure a gecond time.-

/ Perform a third extraction in the
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same mannern.

Concentrate the extract to 6-10 ml
in the K-D evapqrator on a hot
water bath.

Qualitativelyranalyze the sample

by gas chromatography with an
electron capiare detector. From the
résponse obtained decide:

1 If there are any organochlorine
‘pesticides present,

2 If there are any PCB's present,

3 If there is a combination of
land 2, -

4 If elemental sulfur is present,

<
5 If the response is too complex to

determine 1, 2, or 3.

- 8 If no response, concentrate to

1.0 ml or less, as required,

according to EPA Method,(4)

Pg.- 28 and repeat the analysis

looking for 1, 2, 3, 4, and 5.

Samples containing 'Aroclors

with a low percentage of chlorine,

eg. 1221 and 1232, may require

this concentration in order to-

achieve the detection limit of

1 ug/l. Trace quantities of PCB's

are often masked by background

which usually occur in the aamples
¢

E If condition | exists, quantitatively

determine the organochlorine pesticides
accérding to (1).

If condition 2. exists, PCB's only are
present, no further separation or
cleanup is necessary. Quantitatively
determine the PCB's according to
“XI below.

If condition 3 exists, compare peaks
obtained from the sample to those

of standard Aroclors and make a
judgment as to which Aroclors may be
present. To separate the PCB's -
from the organochlorine peaticides,
continue a8 outlined in X D.

If condition 4 exists separate the
sulfur from the sample using the
method outlined in (X C) followed by
the method in (X E).

v

If condition 5 exists then the following
macro cleanup and separation pro-
cedures (X Band X C) should be

employed and, if necessary, followed
by the micro separation procedures

(X Dand X E).

X CLEANUP AND SEPARATION PROCEDURES

A Interferences in the form of distinct

peaks and/or high background in the
initlal gas chromatographic analyais,
«as well an, the physical characteristics
of the extract (color, cloudiness,
viscosity) and background knowledge g!

‘ the sample will indicate whether cleanup

is required, When these interfere with

,
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B

s

measurement of- the pesticides, or
affect colimn life or detector sensi-
tivlty. proceed as directed below,

-Acetonitrile Parﬂtf‘on - This pro-.
cedure is used to remove- fats and.
ofls from the sample extracts. It

/~ should be noted that not all pesti-

.cides are quantitatively recovered by
“this procedure, The analyst must be
aware of this and demonstrate the
emciency of the partitioning for the
t-ompounds of interest.

1 Quantitatively transfer the pre-
viously concentrated extract to a
125 ml separatory funnel -with
enough hexane. to bring the final
volume to 15 ml, Extract the
sample four times by shaking
vigorously for one minute with
30'ml portions of hexane-saturated
acetonitrﬂe.

1y

2 Combine and transfer the acetoni-
trile phases to a one-liter separa-
tory funnel and add 850 ml of
distilled water and 40 ml of sat-
urated sodium chloride solution.
Mix thoroughly for 30-35 seconds.
Extract with two 100 ml portions
of hexane by vigorously shaking
about 15 seconds 0

3 Combine the hexane extracts in a -
one-liter separatory funnel and
wash with two 100 ml portions of
distilled water. «Discard the water
layer and pour the hexane layer
through a 3-4 inch anhydrous
sodium sulfate column into a 500
ml K-D flask equipped with a
10 ml ampul. Rinse the separa-

“ tory funnel and column with three

10 m] portions of hexane.

4 Concentrate thé extracts™o 6-10 ml

in the K-D evaporator in’ a hot
water bath. .

5 Analyze by gaa chromntography
unless-a need for further cleanup
is indicated.

Method for Polychlorinated Biphenyls in Industrial Effiuents

.

C Florisﬂ‘Cplumn Adsorption Chroma-

o

tography .

-1 Adjust the sample extract _volume
. to 10 ml. .

.2 Place a charge of activated Florisil

(weight determined by lauric acid
value,. see Appendix I) in a Cl'.roma-.
After settling the’
Florisi by tapping the column, add

> .about ofe-half inch, layer of anhy-

drous glanular sodium sulfate to - °
the top

Pre- elute the column, - after cooling,
with 50560 ml of petroleum ether,
Discard the eluate and just prior to
exposure of the sulfate layer to air
quantitatively transfer the sample
extract into the column by decan-
tation and subsequent petroleum’
ether washings. Adjust the elution
rate to about 5 ml per minute and,
separately, collect up to three
eluates in 500 ml K-D flasks
-equipped with 10 ml ampuls. (See
Eluate Composition below). Perform
the first elution with 200 ml of 6%
ethyl ether in petroleum ether, and
the second elution with, 200 ml of .
15% ethyl ether in petroleum ether.
Perform the third elution with 260 ml’
of 50% ethyl ether - petroleum ether
and the fourth elution with’ 200 ml ,

of 100% ethyl ether.

Eluate Composition - By using an
equivalent quantity of any batch of
Florisil as determined by its lauric
acid value,” the pesticides will be
separated into the eluates indicuted
on the following page:

1
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G -1
6% Eluate
Aldrin  DDT Pentachloro-
- BHC Hegptachlor nitrobenzene
Chlordane Heptachlor Epoxide Strobane
. .DDD . Lindane Toxaphene
DDE * Methoxychlor Trifluralin
Mirex PCB's

15% Eluate 50% Eiuate

Endosulfan ¥ Endosulfan IT
Endrin Captan .
Dieldrin .

Dichloran g

Phthalate esters

Certain’ thiophosphate pesticides
will occur in each of the above
fractions as well as the 100%
fraction. For additional infor-
mation regarding eluate composi-
tion, refer to the FDA Pesticide
Analytical Manual.(6)

4 Concentrate the-eluates to 6-10 ml

in the K-D evnporator in a hot
water bath, ..

.5 Analyze by gas chromatography.

D Silica Gel Micre-Column Sepnra.-
tion Procedure o -

& 1  Activation for Silica’ Gel

A}
a2 Place about 20 gm of silica
gel in 2 100 ‘'ml] beaker. Act-
ivate at 180 C for approxi-
mately 16 hours. Transfer’
~ , thesilicageltoa 109 mlzlass
stopperedbottle. When cool,
cover with about 35 ral of
. .0.50% diethyl ether .in benzene
(volume:volume). . Keep bottle
well gealed. If silica gel
- collects on the ground glass
surfaces, wash off with the
above solvent before re-
sealing. .Always maintain an
excess of the mixed solvent in
bottle (approximately 1/2 in,
. above sflica gel). ‘Silica gel
- can be effectively stored in

Method for Polychlorinated Biphenyls in Industrial Effluents

" this manner for severnl days.

2 Preparation of the Chrormtogrnphlc

4

Column

a Pack the lower 2 mm ID Section
of the microcolumn with glass
wool. Permanenily mark the
column 120 mm above the glass

wool. Using a clean rubber bulb '

from a disposable pipet seal the
lower end of the microcolumr .
Fill the microcolumn with 0.50%
‘ether in benzene (1) to the
bottom of the 10/30 joint (Figure
1). Using a disposablc capillary
pipet, transfer several aliquots
of the silica get slurry into the
microcolumn. After approxi-
mately 1 cm of silica gel ccllects
in the bottom of the microcolumn,
remove the rubber buib seal,

tap the column to insure that the
silica gel gettlesuniformly. Care-
fully pack column until the silica.

gei reaches the 120+ 2 mm mark.

Be sure that there are no air

* bubbles in the column. ‘Add about”

10 mm of sodium sulfate to the
top of the sflica gel. Under low
humidity .conditions, .the sflica.
gel may coat the sides of the.
column and not settle properly.
This can be minimized by wiping
the outside of the col with an
anti-static solution. .

b Deacttvation of the Silica Gel

1) Fill the microcolumn to the

v bese of the 10/30- joint with
the 0,.50% ether-benzene mix-
ture, assemble reservnir
{using spring clamps) and fill
with approximately 15 ml of
the 0.50% ether-benzene. mix-
ture. Attach the air pressure
device (using’ spring clamps)
and adjust the elution ra*s to
approximately 1 ml/min. with

the air pressure control. Re- .

lease the afr pressure and-
detach reservoir just as the
last of the solvent enters the
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2)

3)

sodium suifate. Fill the
celumn with n-hexane (not

mixed hexanes, to the base -

of the 1C/30 fitting, Evap-
ordate all residual benz=ne
from the reservoir, assem-
-ble the reservoir section
and fill with 5 ml of n-hexane.
Apply air pressure and ad-
just the flow to 1 ml/min.
(The u-hexane flowe slightly
1aster than the benzene).
Release. the al. pressure and
‘remove the reservonir just
as the n-hexune enters the
sodium sulfate. The column
is now ready for use.

Pipet a 1.0 ml aliquot of
the concentrated sample
extract (previously reduced
to a tota! volume of 2.0 ml)
on to the column. As the
last of the sample pagses into
the godium sulfate layer,’
rinse down the internal wall
of the column twice with
0.25 ml of n*hexane. Then
assemble.the upper section
of the column. As the last
of the n-h rinse reach
the surface of the godium
sulfate, add encugh n-hexane
(volume predetermined, see
X D 3 below) to jus: “lute

all of the PCB's p-esent in
the sample. Apply air
pressure and adjust until the
flow {8 1 ml/min. Collect
the desired velume of eluate
(Predetermined, see X D 3
below) in an accurately cali-
brated ampul. As the last
of the nchexane reaches the
aurface of the sodium sul-
fate; release the air pres-
sure and change the collec-
tion smpul

Fill the column with 0, 50%
dicthyl ether in benzehe,
again apply air pressuve and
adjust flow to 1 ml/min.
Collect the eluate until all

152
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of the, organochlorine pesti-
cides of interest have been
eluted (volume predetermined, .
see X D3 below).

4) Analyze the eluates by gas
chromatography.

Determination of Elution Volumes

a The elution volumes jor the
PCB's and the pesticides depend
upon a numbe> of jactors which
are diffinult to control. These
include variation in: "

1) Mesh size of the silica gel

2) Adsorption properties of the
silica gel

3) Polar contaminants present
in the eluting golvent

4) Polar materials present in
the sample and sample
solvent

5) The dimensions of the micro-
columns

Therefore, the optimum ejution
volume must be experimentally
determined each time a factor

is changed. To determine’ the
elution volumes, add standard
mixtures of Aroclors and pesti-
cides to the column and serially
collect 1 ml elution volumes.
Analyze the individual eluates by
gas chromatography and determine
the cut-off volume for n-hexane
and for ether-benzene. Figure 2
shows the retention order of the’
various PCB components and of
the pesticides. Using this infor-
mation, prepare the mixtures
required for calibratiuvn of the
microcolumn.

© b In determining the wlume of

hexane required to elute the PCB's
the sample voluine {1 ml) and
the volume of n-hexane used to

27-7
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-

0. "
rinse the column wall must _.
be' considered. Thus, if it
is determined that a 10.0 ml
elution volume is required to
elute the PCB's, the volume

‘of hexane to be added in addi-

tion to the samfle volume
but including the rinse volume
should be 9.5 ml,

‘'Figure 2 shows that as the

average chlorine content of

" a PCB mixture decreases

the solvent volume for com-
plete elution increases. Quali-
tative determioation (IX D) fodi-  ~
cates which Aroclors are
present and provides the basis

Jor selection of the ideal elu-

tion volume, Thiec helps to
minimize the quantity of organo-
chlorine pesticides which will :
elute along with the low percent

" chlorine PCB's and insures the

most efficient separations possible

for accurate-analysis.

Far critical analysis where the
PCB's and pesticides are not
separated completely, the column .
should be accurately calibrated
according to (X.D 3 a) to de- -
termine the percent of material
of interest that elutes in each
fraction. Then flush the column
with an additional 15 ml of 0.50%
ether in benzene féllowed by 5 ml
of n-hexane and use this recon-
ditfoned column for the sample
separation. Using this technique
one can accurafely predict the
amount (%) of materials in each
micro column fraction. .

E Micro Column Separation of Sulfur,

PCB's, and Pesticides -

27-8

See procedure for preparation
packing micro column in PCB

analysis section (X D 1 ;ndy
2 Microcolumn dtion  ~

Calibrate the microcolumn for

sulfur and PCB separation by
collecting 1.0 ml fractions and
analyzing them by gas chroma-
tography to determine the -

- following:

1) The fraction with the first
eluting PCB's (thosé present
in 1260),

'2) The fraction with the last
~ eluting PCB's (those present ..
in 1221),

3) The ehrtion volume for
sulfur, .

4) The elution volume for the
pesticides of interest in- -
) the 0.50% ether-benzcne
- Iraction,

.From these data determine the
following: -

D2 The eluting volume containing
only. sulfur (Fraction I),

"2) The eluting volume containing
the last of the sulfur and the
early eluting PCB's (Frac-
tion II),

3) The eluting volume containing
the remaining PCB's (Frac-
tion IIN), -

‘4) The ether-benzene eluting.
volume containing the pesti-
cides of interest.(Fraction IV).

3 Separation Procedure

a Carefully concentrate the 6%
eluate from the florisil-colimn
to 2.0 ml in Faduated ampul
on a_warri_water bath.,

and - .
b Place 1.0 ml (50%) of the con-
i centrate into the microcolumn

with a 1 ml pipet. Be careful
not to get any sulfur crystals °
into the pipet. -

153
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¢ Collect Fractions 1 and 1l in
calibrated centrifuge tubes.

Collect Fractions IIl and I'V in
calibrated ground glass stoppered -
ampules. -

d SuMur Removal!® - Add 1102
drops of mercury to Fraction I'
stopper and place on a wrist-
action shaker. A black precip-
itate indicates the presence of
sulfur. After approximately
20. minutes the mercury may .
become entirely reacted or de-
activated by the precipitate. The
sample shouldrbe quantitatively
trenslerred to a clean centrifuge
tube and additional mercury added.
When crystals are present in the
sample, three treatments may be
necessary to remove all the
sulfur. After all the sulfur has
been removed from Fraction II
(check using gas chromatography)
combine Fractions I andIll. Adjust
the volume to 10 ml and analyze
gas chromatographically, Be
gure No mercury is transferred
to the combined Fractions Il and
III, since it can react with certain
pesticides.

By combining Fractions Il and I,
if PCB's are present, it is

.possible to identify the Aroclor(s)
present and a quantitative analysis

microcoulometric or the electrolytic
detector may be employed to improve
specificity for samples having higher
concentrations of PCB's.

B Calculations

1 When a single Aroclor is present,
compare quantitative Aroclor
reference standard (e.g., 1242,
1260) to the unknown. Measure and
sum the areas of the unknown and
the reference Aroclor and calculate
the result as follows: .

(a1 (81 (v |/
x
vy v 1

A= DB of Standard ljected - ng
ol Standard Feak Areas 2

mm

Microgram/liter =

B=2 uf'Sample Peak Areas = {mm?) .

Vi= Volume of sample injected (u1)

V,= Volume of Extract (ul) from which
sample is injected into gas chroma-
tograph .

Vs= Volume of water sample extracted
(m1)

N = 2 when micro colummuSed .

1 wh}mlcro/culumn not used

Pedak Area = Peak height (mm x Peak
can be performed accordingly. h
Fraction I can be discnrdM Width at 1/2 height

. it only containa the the
sulfur. Ana ractions III
and the PCB's and pesti -

es. If DDT and its homologs,
aldrin, heptachlor, or technical
chlordane are present along with
the PCB'a, an additional micro-
column separation can he per-
formed which may help to further
separate the PCB's from the
pesticides (See X D).

XI QUANTITATIVE DETERM INATION

A Measure the volume of n-hexane
eluate, containing the PCB's and inject
1t0 5 pl into the gas chromatograph.
If necessary, adjust the volume of the
eluate to give linear response to the
electron capture detector. The

154

2 For complex situations, use the
calibration method described below.
Small variations in components
between different Aroclor batches
make it necessary to obtain samples

. of several specific Aroclors. These
reference Aroclors can be obtained
from Dr. Ronald Webb, Southeast
Environmental Research Laboratory,
EPA, Athens, Georgia 30601. The
procedure ig as follows:

a Using the OV-1 column, cliroma-
tograph a known quantity <l each
Aroclor reference standard. Also
chromatograph a samplé of p, p’' -
DDE. Suggested concentration of
each standard is 0.1 ng/gl for the
Aroclors and 0.02 ng/ul for the
p.p’'- DDE. :

27-9
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A nglmm2 =

b Determlne. the relative retention

“time (RRT) of each PCB peak in
the resulting chromatograms
using p,p°’- DDE as 100. See
_Figures 3 through 5.
RT x 100
RRT = “gz%———
RTopE

‘RRT = Relative Retention
Time

RT = Retention time of
peak of interest

RTHDE = ‘Retention time of
p.p'-DDE

Retention time is red as

that distance in mm between the
first appearance of the solvent
peak and the maximum fo

brate the instrument for
each PCB measure the area of
each peak.

Area = Peak height {(mm) x Peak
width at 1/2 height. Using Tables
1 through 8 obtain the propetr

mean weight factor, then deter- 2

mine the response factor ng/mm®*. .

(ng;) .(mean weight percent)

(Area/

ng; = ng of Aroclor Standard lnje‘cted

Mean weight percent = obtained from
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Tables 1 through

d Caleuls’s the RRT value and the

ares "or each PCB peak in the

sal # chromatogram. Compare
the sample chromatogram to those
obtained for each reference
Aroclor standard. If it is appar-
ent that the PCB peaks present
are due to only one Aroclor then.

. calculate the concentration of

each PCB using the following
formula:

ng PCB ‘-_ ng/n"im2 x Area

Method for Polychlorinated Biphenyls ifi:Industrial Effiuents

Where Area = Area mmz) of
sample peak ng/mm® = Response
- factor for that peak measured.

. ‘Then add the nanograms of PCB's
present in the injection to get the
total number of nanograms of
PCB's present. Use the following

- . formula to calculate the concen- .
tration of PCB*s in the sample:

=[ng) [V
- chrognmalx._ner_[m [v:1 x[N]

Vg = volume of water extracted (91) o

V, = volume of extract (ul)
Vi = volume of ‘sample Injected (B

Eng = sum of all the' PCB's In nano-
grams for that Aroclor. identified

N = 2 when microcolumn used .
N = 1 when microcolumn not used

The value can then be reported’

as Micrograms/Liter PCB's

reported as the Aroclor. For <

samples containing more than one *

Aroclor, use Figure 8 chromato-

gram divisional flow chart to

assign a proper response factor

to each peak and also identify the

"most likely" Arozlors present.

Calculate the ng of each PCB

isomer present and sum them

according to the divisional flow

- _ chart. Using the formula above,
calculate the concentration of the
various Aroclors present in the
sample. :

X1 REPORTING RESULTS . ‘

A Report results In micrograms per liter
without correction for recovery data.
. When duplicate.and spiked samples are
analyzed, all data obtained should be
reported. ‘
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Table 1

Composition of Aroclor 1221(8)°

Mean .
Relativ. Number of
Weight
RRf Pergent Std. Dev. Chlorines®
11 21.8 15.8 1
14 19.2 9.1 1
16 10.1 9.7 2
19 2.8 9.7 2
21 20.8 9.3 2
28 5.4 13.9 . 2] 85%
- 3 15%
32 14 30.1 10%
3 90%
37 1.7 48.8 3
40 . 3
\
Total 93.3

3Retention time relative to p, p'-DDE=100. Measured from ﬂrst
- appearance of solvent. Overlapping peaks that are quantitated
as one peak are bracketed. -

bStand:u‘d deviation of sevénteen results as a percentage oi .he
mean of the results. : L M

®From GC-MS data. Peaks cofitaining mixtures of isomers . \w .
of different chlorine numbers are bracketed.. v
-
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Table 2

. Composition of Aroclor 1232 (8)

Mean
. Relative Number of
RRT? Weight h - 3
Peroont Std. Dev. Chlorines
11 16.2 3.4 1
14 9.9 2.5 1
16 7.1 6.8 2
20 17.8 2.4 2
21 2 o%
28 9.6 4.4 . 27 4
3] 60%
32 3.9 4.7 3
37 6.8 2.5 3 3
40 6.4 2.7 3
47 4.2 4.1 4 .
54 3.4 3.4 . 37 33%
B - . 5| 619
58 2.6 3.7 4
70 4.6 3.1 17 90%
2] 1%
78 1.7 7.5 4 .
Total , . 04.2 . _

8Retention time relative to p, p'-DDE= 100, Measured frowd first
» appearance of solvent. Overlapping peaks that are quantitated
R as nne peak are bracketed,

bStand_ard deviation of four regults as a mean of the results.

®From GC-MS data,, Peaks containing mixtures of isomers of )
different chlorine numbers are bracketed. N

’
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e B 1

Table 3

Composition of Aroclor 1242 (8)

Mean :
- Relative Numbeyr of. ..
RRT* Weight Std. Dev.P ChioriasE
ercent ,
11 1.1 35.7 1
16 2.9 - 4.2 2,
21 11.3 3.0 . 2
28 1.0 5.0 - 2 25%
: 3 75%
-~ 32 . . 6.1 4.7 37 - -
37 1.5 5.7 3 :
40 T 6.2 3 -
47 8.8 4.3 4
54 6.8 2.9 3 33% ,
4] . 67%
58 5.6 3.3 4
70 10.3 2.8 4 90%
- - 5 0%
- 78 ' 3.6 4.2 4
84 2.7 9.7 - 5
98 1.5 9.4 5
104 2.3 16.4 5
125 1.6 20.4 5] 85%
. 6 15%
146 1.0 1 19.9 . 5] 5%
6 25%
Total - . 98.5 . .

ali.etenti.on time relative to p,p'-DDE— 100. Measured from first o .

appearance of solvent. .
- bstandard devlatlon of six resu.lts as a percentage of the mean

of the results. "
Pl '

®From ,GC-MS data. Peaks containlng mixtures of isomers of
. differcnt chlorine number are bracketed.
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T " Table4

" Composition of Aroclor 1248 (8)

«
Mean
. - Relative Number o
RRT® Weight b o
elght, Std. Dev. Chlorines
21 , 1.2 23.9 - 2
28 . 5.2 3.3 3
32 ‘8.2 3.8 3
387 ° 8.3 3.8 3
40 8.3 3.9 31 85%
4] 15%
47 15.8 1.1 4
54 9.7 8.0 - 31 10%
, . 4] 90%
58 9.3 5.8 ’ 4
70 19.0 1.4 47 80%
: 5§ 20%
78 8.8 2.7 4
i 4.9 . 2,8 . 5
98 3.2 3.2 5.
104 3.3 . 3.8~ 4] 10%
5] 80%
112 1.2 . 6.8 5
125 2.8 5.9 s] 90%
: 8] 10%
148 - 1.5 10,0 5] 8%
8] 15%
Total 103.1 ‘

27-14
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2Retention time relative to P, p'-DDE= 100, Measured from

first appearance of solvent.

bStandard deviation of six results as a percentage of the mean
of the renults.

®From GC-MS data. Peaks containlng mixtures of {somers.
of different chlorine bers are brt
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. ' T . Table § .
" Composition of Aroclor 1254 (%) . N : .
RRT® : “l;a:i;t Relative . Number of (g
S Percent St.d7 Dev.” ) Chlorines
47 8.2 3.7 4
' 54 2.9 \ 2.6 4
58 1.4 2.8 B 4
70 13.2 2.7 4] 25%
5 75%
84 17.3 1.9 5
-98 7.5 > 5.3 -5
104 13.8 3.8 5 -
125 15.0 2.4 s] 70%
: 6 30%
146 10.4- 2.7 5] 30%
: 6 70%
160 1.3 8.4 6
174 8.4 - 5.5 6
203 1.8 18.8 6
232 1.0 ' 26.1 7
Total 100.0
3Retention time relatlve to p, p'-DDE="100. , Measured Irom first A
_ appearance of solvent.
bstandard deviation of-six results as a percentage of the mean .. )
of the results. . N
. .:—';,
From GC-MS data. ‘Peaks containing mixtures o! isomers are
bracketed. ) .
, .
1 ~
6o
27-15
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Taole 6

. Composition of Araclér 1260(8)

'
. - - Mean " ‘ S
Relative v Number
RRT? We b o
Dot Std. Dev. Chicrines
'70‘i 2.7 N R 6.3 5°
84 . 4.7 i.6 . 5 4
98 3.8 3.5
04 5 60% .
. . . ’ -6, 40%
117 3.3 : 6.7 : 6,
125 12.3 . 3.3 5 15% -
- 6 85% .
146 14.1 3.6 6
160 4.9 2.2 . 6 50%
B/ 50%.
174 - . 12.4 2.7 6, .
203 9.3 4.0 6 10% -
. . ./ 90%
232 B B
44 9.8 e 3.4 : 6 10%
= ) o &l po%
280 : 11.0 2.4 7
332 4,2 . ‘5.0 -
372 4.0 8.6 8.
448 - .6 . . 25.3° 8
© 528 1.5 10.2 8
Total © 98.8 .

®Retention time relative to p, p'-DDE= 100. Measm-ed from first
. appearance of solvent: Overlapping peaks that are quantitated
as one peak are bracketed. :

I3

. ) bStandm‘d deviation of six results as a mean of the results. ’

®From GC-MS datn.. Pedks containing mixtures of isomers of
different chlorine numbers are bracketed. .

. dComposmon determined at the center of peak 104, * -

€Composition determined at the center of peak 232.

o 27-16 . : 161 ‘ " .
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v APPENDIX 1 .

Xill STANDARDIZATION OF FLORISIL D Procedure
COLUMN BY WEIGHT ADJUSTMENT . T .
BASED ON ADSORPTION OF LAURIC 1 Transfer 2.0ud ¢ Florisll to 25 ml
ACID glass stoppere¢ firlenmeyer flasks.
N Cover loosely alumlsum foil
A A rapid method for determining ' and heat overn'zut at 130°C,. -
adsorptive capacity of Floris{l is based » Stopper, cool 1 room temperature,
on adsorption of lauric acid from hexane add 20.0 m: laaric acid solution
solution (6), (8). An excess -of lauric (400 mg), stop: and shake
- acid is used and amount not adsorbed occasionally for 5 min. Let
- i8 measured by alkall titration. Weight adsorbent setile and pipet 10.0 ml
of lauric acid adsorbed is uged to cal- of supernaiaut inty 125 ml Erien- |
culate, by simple proportion, equiv- meyer fluck. <“wvoid faclusion of
.alent quautities of Florisil for batches any Florisil,

having different adsorptive capacities. )
2 Add 50 £ wrutral alcohol nod ¢

B Apparatus > 3 drops /udicatoy solutiv. : titrate
. : with 0.05N to a garmais+u. ~nd
1" Buret. — 25 ml with 1/10 ml | point. .
graduations.

. . ) . & Caleulsilan of Leuvid ~2:¢ value and
2 Erlenmeyer flasks, «- 125 ml narrowv Adjustment of Column ‘7~ige?

mouth and 25.ml, gleis atoppered. 4 «

1 Calculate amount of !uuric acid

3 Pipet, — 10.and 20 nil transfer. adsorbed on Florisli as follows:
4 Voiumetric flaska. — 500 mil. Lauric Acid wulve = mg lauric
acid/g Fiorisid = 200 - (ml
C Reageats ;md Solvenis requirrad for iitration X mg lauric

. seid/mi 9. 05N NuOH),
. 1 Alcohol, cthyl. = USP or absolute, ) - - N
reutralized to phenolphthalein. | : 42 an equivalent quantity
batch of Florisil, divide

2 Hexane. — Distilled from all glazs . 110 by lauric acid value for that ~

apparatus. : - * bateh und multiply by 20 g.
Verify proper elution of pesti~

3 Lauric acid. — Purified, CP. cides by 13.86.

4 Lauric acid solut:on. — Transier ’ F. Tez2t ior Proper Elution Pattern and
10. 000 g Jauric acid to 500 ml Fenovery of Pesticides: Prepare
valumatric flask, dissolve in hexane, a r=it iixture containing aldrin,
and gilute to 500 ml {1 ml = 20 mg). heptachlor epoxide, p, p'-DDE,

: , o .dieldrin, Parathion and malathion.

5 Phenolplihelein Indicator. — Dissolve Dieldrin ond Parathion ghould elute
1 g in alcohol and diluty to 100 ml. in the 159 eluate; all but & trace of

malathic: in the 50% eluate and thi

68 Sodium Hydroxide. — Dissolve 20 g others in the 6% eluats. :

NaOH (pellets, reagent grade) in
water and dilute to 500 m1 (1N).
Dilute 25 ml 1¥ NaOH %o 500 m} ¥ .

with water (0. B5N}, Standardize as -
follows: Weigh T00-200 mg lauric ’ ’
acid inta 125 ml Erlenmeyer flagk. .
Add 59 ml neutralized ethyl alcohol ’ -
° and ¥ drops phenoclpnthalein indi-

cator; titrate to permnnent end point.

Caleulate mg lauric acid/ml . .
0.05 N NaOI (about 10 mg/ml). -

27-26 N . °
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I SCOPE AND APPLICATION

A This method covers the determination
of various organochlorine pegticides,
including some pesticidal degradation
products and related compounds in
industrial effluents. Such compounds
are composed of carbon, hydrogen, .
and chlorine, but may also contain
oxygen, sulfur, phosphorvs, nitrogen

""" or other halogens.

B The following compounds may be
determined individuglly by this method .
with & sensitivity of 1 ug/liter: BHC, B
lindane, heptachlor, aldrin, heptachlor
epoxide, dieldrin, endrin, Captan,
DDE, DDD, DDT, methoxychlor, endo-
sulfan, dichloran, mirex, pentachloro-
nitrobenzene. and trifluralin. Under

.favorable cir¢umstances, Strobane,
toxaphene, chlordane (tech.) and
others muy also be determined, The A
usefulness of the method for other

specific pesticiGes must be demon-

strated by the analyst before any

attempt is made to apply it to sample
analysis. .

«

C When organochlorine pesticides exist
as complex mixtures, the individual
compounds may be difficult to dis-
tinguish. High, low, or otherwise
unreliable results may be obtained
through misidentification and/or one
compound obscuring ancther or lesser B
concentration. Provisions incorporated
in this method are intended to minimize
the occurrence of such interferences.

I SUMMARY .

A The method offers several analytical
alternatives, dependent on the analyst's
asgessment of the nature and extent
of interferences and/or the complexity
of the pesticide mixtures found. .

" Specifically, tha procedure describes
the use of an effective co-solvent for
efficient sample extraction; provides,

. [ 1;’ 1
"CH.PES.lab.16.11.77 )

through use of column chromatography
and lquid-iiquid partition, methods

for elimination of non-pesticide inter-
ferences and the pre-sgeparation of -
pesticide mixtures. Identification is
made by selective gas chromatographic
separations and may ‘be corroborated
through the use of two or more unlike ..

- columns, Detection and measurement is

accomplishied by electron capture, micro-
coulometric or electrolytic conductivity
gas chromatography. Results are re-
ported in micrograms per liter.

This method is recommended for use

only by experienced pesticide anelysts
or under the close supervision of guych
qualified persons.

o

I INTERFERENCES

Solvents, reagents, glassware, and
other sample processing aar-dware may
yield discrete artifacts and/or elevated.
baselines causing misinterpretation of
gas chromatograms: All of these ma-
terials must be demonstrated to be free
from interferences under the conditions
of the anlaysis. Specific gelection of
reagents and purification solvents by
distillation in all-glass systems ‘may be
required, Refer to Part I, Sections 1,4 .
and 1.5, (1)

The interferences in industrial effliients
are high and varied and often pose great
difficulty in obtaining accurate and pre-
cise m t of org hlorine
‘Pesticides. Sample clean-up procedures
are generally required and may result
in the loss of certain organochlorine
pesticides. Therefore, great care
should be exercised in the selection

and use of methods for eliminating or
minimizing interferences. It is not
possible to duscribe procedures for
overcoming all of the interferences that
may be encountered in industrial
effluents,

28-1
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.Polychlorinated Biphenyls (PCB's) -

Special attention {8 called to indust-
rial plasticizers and hydraulic fluids
such as tie PCB's which are a
potential source of interference in
pesticide analysis. The presence of
PCB's is indicated by a large nuniber
of partially resolved or unresolved

- peaks which may occur throughout

the entire chromatogram. Particular-
ly severe PCB interference will regulre
special separation procedures

Phthialate Esters - These compounds,
widely used as plasticizers, respond
to the electron capture detector and
are a gource of interference in the
determination of organochlorine pest-
icides using this detector. Water
leaches these materials from plastics,
such as polyethylene bottles and tygon
tubing. The presence of phthalate
esters {g implicated in samples that
respond.to electron capture but not
to the microcoulometric or electro-
lytic conductivity halogen detectors

or to the flame, photometric detector.

Organophogphorug Pesticides - A
number of organophosphorus pesticides,
such as those containing a nitro group,
e.g., parathion, also respond to the
electron capture Jetector and may
interfere with the determination of

the organochlorine pesticides. Such
compounds can be identified by their
response to the fiame photometric
detector, (4

IV APPARATUS AND MATERIALS

A

B

28-2

Gas Chrometograph - Equipped with
glass lined injection port.

Detector Optionc:

1 Electron Capture - Radioactive
(tritlum or nickel 63) ' 4

2 Microcoulometric Tiiration

3 Flectrolytic Conductivity

. s . 17?

Recorder ‘-, Potentiometric strip
chart (10 in.) compatible with the
detector.

Gas Chromatographic Column Materiarslz- .

1 Tubing - Pyrex (180 cm long x
4 mm ID)

2 Glass Wool - Silanized

3 Solid Support - Gas-Chrom Q
(10G-120 mesh)

4 Liquid Phases - Expresred as .
weight percent coated on solid

support.
a OV-1, 3%
b OV-210, 5% . -

c OV-17, 1.5% plus QF-1, 1.985%
¢
d QF-1, 6% plus SE-30, 4%
Kuderna-Danish (K-D) Glassware (Kontes)

1 Snyder Column - three ball (mac:ro)
and two ball (mlcro)

2 Evaporative Flasks - 500 ml
3 Recelver Ampuls - 10 ml, graduated
4 Ampul Stoppers

Chromatographic Column - Chromaflex
(400 mm long x 19 mm 1D) with coarse
fritted plate on bottomn and Teflon
stopcock; 250'ml reservoir bulb at top
of column with flared out funnel shape
at top of bulb - a special order
(Kontes K-420540-8011),

Chromatographic Column - pyrex
(approximetely 400 mm long x 20 mm ID)
with' coarse fritted plate on bottom.
. .

Micro Syringes - 10, 25, 50 and 100 ul

Separatory Funnels - 125'ml, 1000 ml
and 2000 ml with Teflon stopcock.
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Blender - High speed, glass or
stainless steel cup.

Graduated cylinders - 100, 250
and 1000 ml.

Florisil - PR Grade (60-100 mesh);
purchase activated at 1250 F and
store in the dark {n glass con- -
talners with glass stoppers or foil-
lined screw caps.. Before use, .
activate each batch overnight at

130 C in foll- covered glass con-
talner. Determihe lauric-acld :
value (See Appendlx 1).

REAGENTS, SOLVENTS, AND STANDARDS

Ferrous Sulfaté - (ACS) 30% solution

in" distilled water.

. Potassium JIodide - (ACS) 10% solu-

tlon in distilled water-.

Sodium - Chloride - (ACS) Saturatcd
solution in. distilled.water (pre-rinse
NaCl with héxane).

Sodium Hydroxide - {ACS) 10 N in
distilled water.

Sodium Sulfate - (ASC) Granular,
anhydrays {conditioned @ 400 C for
4 hours) .

Sulfuric Acid - (ASC) Mix equal
volumes of concentration H,504
with distilled water.

Diethyl Ether - Nanograde, re-

distilled in.glass, if necessary.

1 Must contain 2% alcohol and be
free of peroxides hy following
test: To 10 ml of ether in glass-
stoppered cylinder previ ...-
rinsed with ether, add cac ' of
freshly prepared 10% KI solut.on.
Shake and let gtand one minute.
No yellow color should be ob-
gerved in either layer.

VI CALIBRATION

A

2 Decompose ether peroxides by
adding 40 g of 30% ferrous sulfate
solution to each liter of solvent.:
CAUTION: Reaction may be
‘vigorous if the solvent con‘ains a
high concentration of peroxides,

3 Distill deperoxidized ether in
glass and add 2% ethanol.

Acetonitrife, Hexane, Methanol, Methy-
lene Chloride, Petroleum [ther
(bolling range 30-60 C) - nanograde,
redistill in glass if ne’cessary.

Pesticlde Standards - Reference _gréde..
3 .

Gas chromatographic operating con-
ditions are considered acceptable if
the response to dicapthon is at least.
50% of full scale-when?2 0.06 ng is
injected for electron capture detection
and 2 100 ng is injected for micro-
coulometric or electrolytic conductivity
detection. For all quantitative
measurements, the detector must be
operated within {ts linear response
rangé and the detector noise level
ahould be less than 2% of full scale.

Standards are ‘injected frequently as a
check on the stability of operating
conditions. Gas chromatograms of
several standard pesticides are shown
in Figures 1, 2, 3 and 4.and provide
reference operating conditions for the
four recommended columns.

The elution order and retentlon ratios
of various organochlorine pesticides

are provided in Table ), as a guide.

-

VII QUALITY CONTROL -

A

Duplicate and spiked sample analyses
are recommended as quality control
~hecks. .When the routine occurrence -
of a pesticide is being observed, the
use of duality control _charts -is
recommended. (5 : \
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Vi

4

B, Each time a get of samples is
extracted, a method blank is deter-
mined on a volume of distilled
water equivalent to that used to

. dilute the sample. .

SAMPLE PREPARATION ~

A Blend the sample if suspended ~
matter is present and adjust pH
to near neutral (pH 6.5-7.5) with’
*50% sulfuric acid or 10 N godium
hydroxide. : ) ’
B For a senditivity requiren’en,t,of
ugll, - when using’' microcoulo-
metric or electrolytic conductivity
methnds for detection, 100 ml or
more of sample will be required
for dnalysis. If interferences posé
no problem, the sensitivity of the
" electron capture detector should
‘permit as little as 50 ml of sample
to be used. Background {nformation
on the extent and nature of inter-
ferences will agsist the analyst in
choosing. the required sample size
and preferred detector.
i

C  Quantitatively transfer the proper -
aliquot into a two-liter separatory
funnel and_d.llute to one liter.

IX EXTRACTION . /

A Add 60 ml of 15% methylene chloride
*  in hexane (v:v) tb the sample in the,
separatory funnel and shake vigor-

. ously for two minutes.

B Allow the mixed salvént ‘io-‘sepa:atf
from the sample, then draw -the |
water into a one-liter Erlenmeyer

' flagk. Pour the organic layer into
a 100 ml beaker and then pass it
through a column cbntaining 3-4
inches’ of anhydrous godium sulfate,
and collect it in & 500 ml K-D flask
equipped with a 10 ml ampul. Ré- °
turn the water phase to the separatory
funnel. Rinse the Erlenmeyer flask

'+ with a second ml volume of

3

28-4 ) . . . - . 1:

\.

solvert; add the solvent to the .
separtory funnel and complete the
extraction procedure a second time.
Perform a thiri extraction in the -
same manner. .

‘0
7

~ Concentrate the extract in the K-D.
evaporator op a hot water bath.

D Anal).'ze by gas dhromatography unless
2 need for cleanyp is indicated (See
Section X). ’ \

- |

T

X CLEAN-UP AND SEPARRTION PROCEDURES l

.

~1

<.

_ A - Interferences i the form of distinct
peaks and/or high background in the
initial gas chromatographic analysis,
as well as the physical characteristics
of the extract (color, cloudiness,

. viscosity) and background kmowledge of

' the sample will indicate whether clean-
up is required. When thege interfere -
with measurement of the pesticides,
or jaffect column life or detector
sensitivity, proceed as directed belo

is usgd to isolate fats and oils from
the dample extracts. It should be
noted that not all pesticides are quanti-
tatively recovered by this procedure.
The analyst must be aware ot this and
demonstrate the efficlency of the par-
titioning for specific pesticides. Of the
- pesticides listed in Scope I B only
mirex is not efficlently recove,-:d.

B Acet}lltrilé Partition - -This procedure.

.
»

1 Quantitatively transfer the previously

~ . - concentrated extract to a 125 ml
separatory funnel .th enough hexine
to bring the final volums:: to 15 mi,
Extract the sample four times by
shaking vigorously, for one minute
with 30 ml portions of hexane-
saturated acetonitrile.

2 Combine and transfer the acetonitiile
phases to a one-liter separatory
funel and add 850 ml of distilled
water and 40 ml of gaturated sodium

. chloride solution. © Mix thoroughly
. for-30-45 geconds. Extract with

¢

.
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; two 100 ml portions of hexane
“ by vigorously shaking ahout
. 15 seconds.

3 .Combine the hexane extract in

. a one-liter separatory funnel and
wash with two 100 ml portions

. of distilled water.  Discard the

, water layer afd pour the hexane
through a 3-4 inch anhydrous:
“épdjum sulfate column into a’

; 5PQ ml K-D flask equipped with
@ 10 ml ampul. Rinse the -
fgeparatory funnel and columif
with three 10 ml portions of
hexane. ¥

4 Concentrate the extracts to 6-10
. ml in the:K-D evaporator in a

- hot water bath. )
5 Analyze by gas chromgtography
unless a need for- further cleanup .
is indicated. ’

C  Florigil Column Adsoprtion Chroma-

.

tography

1 Aéjust ‘the sample extract volume
to 10 ml.

& t

2 Place a charge of activated
Florisil (weiglt -determined by
lauric-acid value, .sée Appendix I)
in a Chromaflex column. After
.settling. the Florisil by tapping
the eolumn, add about one-half
inch layer of anhydrous granular
sodium gulfate to the top.

3 Pre-elute the column, after cooling,
with'50-60 ml of petroleum ether.
Discard the eluate and just prior
to exposure of the sulfate layer
to air, quantitatively transfer the
sample extract into the column by
d tation and subseq petro-

leum ether washings. Adjust the
elution raite to about 5 ml per
minute and, separately, collect
up to three eluates in 500 ml K-D
, flasks equipped wi'th 10 ml ampuls.

{See Eluate Composition C). =

-

Perform the first elution with

200 ml of 6% ethyl ether in
petroleum ether, and the second
elution with 200 ml of 15%ethyl
ether in petroleum’ ether, Perform
the third elution with 200 ml of
50% ethyl ether - pgtroleum ether
and the fourth elution with 200 ml -
of 107% ethyl ether.

4 "Concentrate the eluates to 6-10 ml
in the K-D evaporator in a hot
water bath.

5 Analyze by gas chromatography.

C CZluate Coniposition - By using an
equivalent quantity of any batch of
Florisil ag determined by its lauric
acid value, the pesticides will be
separated into the eluates indicated
below:

6% Eluate .
Aldrin’ DDT Pentachloro-
BHC Heptachlor nitrobenzene
Chlordane Heptachlo, Expoxide Strobane
DDD: Lindane Toxaphene
) §3 5504 Methoxychlor Trifluralin
Mirex PCB's
15% Efuate 50% Eluate
Endosulfdn I Endosulfan II
Endrin Captan
Dieldrin
Dichloran
Phthalate esters
Certain thiophospiate pesticides will
ocecur in cach o, the ubove fractions
as well as the 100% fraction, For
additional information regarding eluate
. composition, refer to the FDA Pesti-
cide Analytical Manual. (6
177
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’ s . .
XI CALCULATION OF RESULTS

A Determine the pesticide concentra-
ticn by using the absolute calibra*
tion procedure described below or
the relative calibration procedure
-described irf Part I, Section °
3.4,2,(1) o

(1) Micrograms/liter = (A) (B) V)
. Vi (Vg
A = ng standerd

Standard area
B = Sample aliquot area

Vi = Volume of extract
injented (p1)

V¢ = Volume of total
. extract (ul)

Vg = Volume of water
wxtracted (ml)

XII REPORTING RESULTS

A Report results in micrograms per
liter without correction for recovery
data. When duplicate and spiked
samples are analyzed, all data ob-
tained should be reported.

]
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Table 1

-RETENTION RATIOS OF VARIOUS ORGANOCHLORINE PESTICIDES RELA.TI'VE TO ALDRIN

_Liquid Phase! 1.5% OV-17 6% QF-1
, . + 5% 3% +
- 1.95% QF-1 OV-210 ov-1 4% SE-3¢
Columin Temp. 200 C 180 C 180 C 200 C
Argon/Methane ) ¢
Carrier Flow _ 60 ml/min 70 ml/min 70 ml/min . 60 ml/min
‘Pesticide - RR RR AR " RR
- Trifiufalln . 0.39 =T 0.33 0.57
. ' «-BHC . o.54 064 0.35 0.49
PCNB. 0.68 0.85 0.49 9,63
©  Lindane, . 0.69 ' 0. 81 0.44 0.60
' Dichloran "’ 0.77 1,29 0.4 0.70
Heptachlor 0. 82 0.87 .0.78 . 0.83
Aldrin - | 1,00 1.00 1.00 1.00
i Heptachlor Epoxide .54 1.93 1,28 1.43
Endosulfan I 1.95 . 2,48 1.62 1,79
p.p'-DDE 2,23 ' 2,10 | 2,00 1,82
Dieldrtn . - 2.40  ° 3,00 1.83 2.12
Captan 2,59 4.09 1,22 .84
¥ Endrin Co ‘2,93 ¢« ¢ 3.56 2.18 2.42
" o,p'-DDT : 3.16 2.70 2.6 = ° 2..i0
p. p'-DDD 3,48 3.75 2,61 2,55
Endosulfan II 3,59 | 4.59 2.25 | 2,72
p,p'-DDT 4:18 4,07 3,50 3.12
{  Mirex S-S 3.78 6.6 4.79
Methoxychlor - 7.6 . 6.5 5.7 4.60
Aldrin - ' o
(Min sbsolute) 3.5 2.6 4.0 5.6

had s

- 1Al columrs giass, 180 cm x 4 mm 1D, solid support Gas-Chrom Q (100/120 mesh)

LY
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APPENDIX I .

XIII STANDARDIZATION OF FLORISIL

COLUMN BY WEIGHT ADJUSTMENT - *

BASED ON ADSORPTION OF LAURIC

B Appuratus

ACID ‘

A

- solution. {6). (8)

C.

A rapid methodfor determining adsorp-
tive capacity of Florisil is based on
adsorption: of lauric acid from hexane
An excess of lauric
acid {8 used and amount not adsorbed
i8 measured by alkali titration. Weight
of lauric-acid adsorbed is used to cai-
culate, by simple proportion, equiva-
lent quantities of Florisil for batches
having different adsorptive capacities.

t

.1 Duret. - 25 ml with 1/10 m}l
graduations. .

2 Erlenmeyer flagks. — 125 ml
flarrow mouth and 25 ml, glass
stoppared.

3 Pipet. — 10 and 20 ml transfer.

4 Volumetric flasks. — 500 mi,

Reagents a.nd Solvents

1 Alcohol, ethyl. -~ USP or abs.olute,
neutralized to phenolphthalein.

2 Hexane. — Distilled from all’ gléss
apparatus,

3 Lauric acid. — Purified, CP.

4 . Lauric acid solution. — Transfer -
10.00Q g lauric acid to 500 nil
volumetric flask, dissolve in hexane,
and dilute 10 500 ml (1'ml = 20 mg).

D

E

F

-5 Phenolphthaleln Indicator. — Dissolve _

1 g in alcohol and dilute to 100 ml,
6 Sodium hydroxide. — Dissolve 20 g
NaOH (pellets, reagent_grade) in
water and dilute to 500 ml (IN),
Dilute 25 ml 1IN NaOH to 500 ml
with water (0.05N). Standardize as
follows: Weigh 100-200 mg lauric
acid into 125 ml Erlenmeyer flask.

"26-12 . .

[ 4
185

Add 50 ml neutralize¢ stbyl aleohol
and 3 drops phenolphthalein indi-

- catoy; titrate to perntanent end point.
Calculote mg lauric acid/ml 0,05 N
NaOH (abont 10 mg/rml).

Procedure

1 Transfer 2.000 g Florisil to 25 mil

glass stoppered Erlenmeryer flasks.

Cover loosely *ith aluminum foil

and hzat overnight at 130°C. Stopper,

cool to room temperature, add 20.0
.___ml lzuric acid solution {400 mg),

stopper, and snake ozcasionally for

15 min. Let adsorbent gattle and

pipet 10.0 mi of surernatant into

125 ml Erlenmeyer flask. Avoid

inclusion of any Flerisil.

2 Add 59 nil neutrs. alcohol and 3 drops
indicator solution; titrate vith 0.'95N
to a permaren: end goint.

Calculation of Lauric Acsd Vaiue and
Adjustment of Column Weight

1 Calculate amoun! f laur - a ‘u
adsorbed on Floiisil as follows:
Lauric Acid vaiue = ing lruric acid/g
Florisil = 200 ~ (inl required for
titration X mg lauric acid/ il
0. 05N NaOH).

2 To obtain an equiv. . nt qu.ntity of
dny batch of Florisil, divide 1i0
by lauric acid value for that batch
and multiply by 20 s. Verifr p.uper
elution of pesticide . by »,

Test for Proper Eiutior, Panern and
_Recovery of Pesticides: Prepare a test
mixture containing aldrin, heptachlor
epoxide, p.p'~-DDE, dielé-in, i’arathion
and malathion. Dieldrin and Parathios.
should elute in the 15% eluat:; i} but
a trace of malathion in the 50% 2luate
and the others in the 6% eluate.

:
o
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ELEMENTS OF A QUALITY ASSURANCE PROGRAM

i

I WATER QUALITY DATA D Documentation Systeny ’
A’ Importance ’ - 1 Complete and perranent records must
be kept by all field and laboratory
1 Criteria for decisiong : personnel,
a Planni.ng. . i 2 Any procedures undertaken as quality

checks should also be recorded, dated

- b Permit issuance: s * and signed, -
. ¢ Compliance . 3 The results of any quality checks should

. be recotrded, dated and signed. :

d Enforcement
4 Any checks by outside service personnel

¢ Evaliation of treatinent processes should be recorded, dated, and signed:
f Research decislons E Quality Assurance Control Coordinztor{2)

2 Effects of dectsiors 1 Overall responsibility for program:

development, imiplementation, administration
a Social .
2 Continuing assessmeut of level of operations
b Legal .
. 3 ldentification of training needs and provi-
¢ Economic sion to accomplish :
" w——
B Requirements for Reliability 4 Coordinator for ‘nter-laboratory guality
: ’ control programs

-1 Specificity - .

2 Accuracy ‘ 1T SANPLE

3 Precision A Vvalidity(3. 4. 5. 8

C Elements of Quality Assurancefl) . 1 Representative
1 Valid sample 2 Properly collected
. 2 Recognized methodology . i 3 (?1e,an. appropriate containers
3 Control of services. instruments, 4 Approved preservation measures,
ya equipment and suppiies
- 5 Analytical checks on containers ‘and B
4 Quality analytical performance . . preservatives
5 Efficient data handling and reporcing A ) Holdl:.l;év;.i;nwe-; c;;;_v;d..w.___-___. T .
‘ ) 18 -
) . . v .
CH.MET, ron. 9.11.77 . ' “v
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Elements of a Quality Assuranc'e Program

B lntegrity(z' 7

1

Written procedures for all aspects -
of sample handling

F{eld labels. records. seal
A‘ppropriatc transport to laboratory
L.oggi.ng in system o
Appropriate stcrage c;nditions and "’

holding time

System for distribution for analysis

' System for storage or discard

System for chain-of-custody documen-
tation a

11l RECOGNIZED METHODOLOGY

A Need for Standardization ) «,

1

2

T 3

4

Within one laboratory
Between cooperating laboratories
Users of common data.bank

Nation-wide requirements

B Criteria for Selection(6)

1

4

Specificity with accuracy and
precision

V;lidity established by sufficient
use and evaluation

Equipment and skiit requirements
normally available

Time r‘e'qui:ement reasonable

C Sources

S N

2

-Annual ;Book of ASTM Standards'?

Standard Methods for the Examination
of Water and Wastewater

K &

3 Methods for Chemical Aralysis.of Water
and Y aste s (0} ' .

. 4 U.S. Geological Survey Techriques of
Water Resources lnventory(8

5 Others

D Comnionly-tJsed Types(9)

1 Various sample-treatiments (filtration.
digestion. etc.) - .

2 Electrode-meters
3 General analytical methods

a Volumetric analysis .
b Gravimetric procedures

‘c Combustion ' .

4 Photometric methods
a Atomic absorption
b Flame emission

c Colorimetry

5 Gas chromatography

E Selection on Basis of Use of Data

1 Compliance monitoring

a National Polli;tant.Discharge
Elimination System and State
Certiflcations(l_o)

1) Use of alternate procedures

2) Procedures for non-listed
parameters
b National Interim Primary Drinking 'Waf.elr
. Regulatlons“ n

1) Use oy alternate procedures

2) Procedures for non-listed
parameters -



. - Elemerfts of a Quality Assurance Program

2 State monitoring programsti2) ' 3 Electrical service .
a Fixed station ambient monitoring a Aéequale voltage
- b Intensive survey programs i b Cons.tam. voltage

3 Local reguldtions " ¢ Applopriate grc:undi.ng

. 4 Pre-survey field investigations d Efficient lighting

5

5 Control of treatment processes B Instruments

Applicable to laboratory and field instruments:

F Using Recognized Procedures g © g y
and, as possible, fixed continuous monitoring

1 Written step-by-step laboratory dev_ices.’
manuals . .
1 Written requirements for daily warm up,
2 Strict adherence to reteren - soupree stal:nda.rdx.zauon. calibration, and/or
. . B ) optimization procedurcs. .
3 Record of modifi iattons ane wkha
2 Standards available to perform daily check
" G Field Kits procedures. Some examples:
1 Shortcor;mings a Standardized weights '
2 Uses . - b Certified lherfnonieler
B ’ ' € Filter (or solution) for wavelength
IV CONTROL OF SERVICES. INSTRUMENTS, alignment check

< EQUIPMENT AND suPPLIES'!!
9 ’ d Standard reference materials with
A Services . stancard absorption curves

1 Distilled water e Standard resistor

a Ammonidgflee f Calibration solutions (buffers, con-
r . - ductivity or turbidity standards)

b Curbon dioxide-free ’ .
£ Parameter standards to establish or
¢ lon-free to check calibration zurves
h Radioactive standards with date

d Low organic chkground . .
and count

2 Compressed air

Writter trouble-shooting procedures '
a Dry . f )
-, - . 4 Schedule for rcquired replacement or
b Cil-free v cleaning procedures

¢ Yo confamirants, 5 Schedule for check and/p}- adjustments
- E . by service personnel .

. : . . R ©o29.3
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Elements of a Quality s.ssurance Program

C, Laboratory Equipment
1 Great variety

a Of materials (.glass. plastic,
porcelain, ete.)

b Of grades
c Of aczuracy in calibration
d Of specific properties
. < 7
e Of unique construction
2 Selection depends on function
a Measurement and delivery of
volumes require-varying
degrees of accuracy.
b Storage of reagents and solutions
necessitates comprsition censider=-

atinns such as:

1) Polyethylene bottles for solu-

e Other laboratory operations like - 4
filtration. ion exchange, absorption
and extractions may require specialized
construction like fritted ware which nas”
preasure ansl_tnermal shock limits. »

3 Cleaning procedures ’

a Basis of selection

1) App;opriat'e for the composition . -
material .

2) Appropriate for materials to be -

removed .
3) Appropriate for subsequent uge -

(Avoid introducing contaminants)

b Definite program

- (-

. . .
1)<6tandardized. consistent,
mandatory

. .
2) Analytical checks on effectiwdness

tions of borpn. silica and D Laborator{ upplies - Reagents. Solvents
alkali and Gases(l) .
. 2) Glass containers for ;rganlcs 1 Required pu_rity aepends on:
3) Brown glass for light-sensitive a What is measured

solutions

c Confinement of reactions may>
present special requirements

N such as-

)n ' 1) Ground glass joints o ( .

2) Teflon plugs -

3) Special resistance to thermal
shock ’
4) Impervious to digestion
‘ * “conditions
. -R
d Volumetric analyses involve:

1) Very accurately caliprated .

. glassware v . N

2) Consideration of the temperatuare
at which the apparatus was
calibrated -

b Sensitivity of method
B .

c Specificity of detection system . 2

.

2 General guides \1 Lo -
R U purity is not specified in the method.
somé general guides are:

a Ceneral‘lnorganlc analyses. .
1) Analytical reagent (AR) grade, *

. chemicals. except use primary
. standard grade for standardizing M.

solutions.

2) Distilled witer and solvents fre% ' T
of constituent

3) Commercial grade gases_
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b

- «

Metals analyses by flame

1) Spectroquality chemieals for
standards .

2) _Sp~eclr0qualily redommended
for other reagents and solvents.
though aralytical reagent grade
may be satisfactory. .

3) Acids $hoald be distilled in
plass.

N

4) Deionized distilled water. . )

. 3) Commercial grade or laboratory-

supplied gases
Radiological analyses

1)" Scintillation grade reagents and
solvents - :
rd

2) Hiéh purity. extra dry gases
° ‘with low radioactive background

Orga‘nic analyses *

!) Reference grade when available,
AR at minimum

2

For gas chromatography (GC).
various detectors require abscnce
of certain classes of compounds,
and mAay necessitate treatment

of chemicals.

3

Pesticide quality solvents
For GC. check assay.

4

Type of detector affects gas
quality required., Alolecular-
sieve carrier-gas filters nnd
drying tubes are required on
combustion gases.

Program for assuring quulity

a

Written purity requirements
according to methnds utilized

.
Date all on receipt.

Observe shelf life reg

- 'mendations,-
Discard date on conta . 'r

Elements of a Quality Assurance Progran:x

. - e ..

’ .

. . -
d Observe appropriate storage
requirements, : N

e Check essay for possible
interferences.

f Run reagent and solvent blanks.
.

g As applicable. check.background
of reagents and solvents,

h Run method blanks (all reagents
and solvents) with every series
of samples or one for every
nine samples.™s"

i Definité procedures for limits
of drror, clean-up procedures
or application of correction *
factors

j Rcplace gas cylinders at . )
100-2p0 psi, -

-

P’rocedures for removing impurities

a Reorystallization

b Precipitation

¢ Distillation T -

d W:ﬂshi.ng with solvent(s) used in
analysis

e Aging (gases)

f Others

Reagent and standard ;olulions
a Preparation

.
1) Use of primary standard grade
chemicals as required

\ 2) Careful weighing
i
*3) Class A volumetric glassware

4) Appropriate quality distilled

water or solvent (_/

v Label listing compo 1%(s),
concentration, date o' ore-
o0 tionor discard, ‘p -eparer

Ve dilute standards’ prepared

1()0 K . time\ofus_c

- . 19-6
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Elements of;i Quality Assurance Program

-t
.

. -’

b Standardization as appropriate

1) Use reliable primary standards,

2) Restapdardize as required by
stability.

‘¢ Purchhsed sotutions

1) Should ¢untain chemicais
specified by method-

2).’S.hou1d be checked for
decuracy

d Storage
1} Clean containers of material
suitable for sclution to be
stored

2

Tight-fitting stoppers or

caps

Safegdards.agairnst evaporation
of solvent. adsorption of gases
and water vapdr, effects of
light or, temperature. etc.

3

e Signs of deterioration '
1) Discoloration
2) Formation of precipitates

3) Significa;lt change in
concentration (

QUALITY ANALYTICAL PERFORMANCE'!

A Skilled Analyst

1

2

20-8
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Appropriate and continuing training

Willingness to follow specified
procedures

Skilled in manipulation of laboratory
equipment and techniques required
in analyses

Understanding of basic principles
utilized and design.of any instruments
s/he uses.

- 191

5

&

Knowledgeable and skilled in performing
the analyses for which responsible

Precision and accuracy performance
acceptable

B8 Establishing Analyst. Precision

“Applicable except for gas chromato-

graphy and radiological instrumentation,

1

<

Seven replicates of four samples
covering the concentration -range
of applicability for analysis

Test among routine samples over
two hours or more in normal operating
conditions.

Calculate the standard deviation for
each set.

Compare result to precision statement
for method in the source of the procedure.
(It may be stated as % relative gtandard
deviation. If so. calculate analyst results
in this form).

Individual‘s precision should be better
than round-robin precision reaults.

Establisking Analyst Accuracy'

Exceptions: gas chr>matography and
radiological instrumentation

1

Spike set of 7 precision replicates of
concentration low in applicability range
to bring final to twice original.

Spike set of 7 precision replicates of
mid-range concentration to bring final
to about 75% of upper limit of applica=-
bility.

Test among routine samples gver two
hours or more in normal operating
conditions.

Calculate % recovery fcr each set using
average of results from the precision
check and the recorded spike amounts.

Compare result to accuracy statem ent
for method in the source of the procedure.
(It may be stated as 9, bias, i.e,.

% recovery=100%).
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Elements of a Quality Assurance Program

6 Individual's aceuracy should be
better than round-robin accuracy
resuits.

D Daily Performance Evaluation

1 At least two standards thigh rau.i.. .
analyzed with a blank to - -

. -+ eStablished standard cu:«. (¢ mllparahll-
/

operating condmons)

2 Some methods requﬁ:e daily preparation
of a standard curve.™,

3 One of about every 10 uaniples should
be a duplicate to (e k procison
according 10 as ceptuble standarpd
deviation (or ¢, relative std. deviation).

4 One of about every It samples ghould
be a spiked sanwple to check accuracy
ace ordmg 1o acceptable % recovery .
(0 % pias). .

i E tocumentation of Daily Performance

1 After ets of duplicate data results
or iked sample results have been
collected. control charts for precision

and accuracy, respecuvely. can be
constructed.

2 A variety of construction mezhods is
available.

3 Plot succeeding results on the
appropriate chart.

"4 Charts document reliab.lity of data.

5 Charts ; .ve signal of out-of-control
Aumbers, trends ‘oward out-of-control
conditions, impruved performance,
etc. .

F Secondary Checks on Performancel?2)

1 Quality Con‘rol samplas are available
from EPA at no charge for many
commonly-analyzed constituents.

The concentration ie provided with
the sample. These might be run
every three to six months.,

A

Run split samples and compare )
results with the other laboratory.

~

3 Run performance sainples (unknowns)
available from EPA at no charge.

4 Participate in round-robin method and
performance evaluation sr.udies. o

5 Parucnpale in labordlory evaluation
programs.

DATA HANDLING AND REPORTING(1)

A laboratory must have & program for
systematic and uniform recor%mg of
data, and for processing and reparting
it in proper form for lnlerprelauon and
use.

The Analytical Value

1 Correct calculation forsmulas reduced
to sumplest factors for qunck correct .
calculations.

2 Provisions for cross~checking calculations
3 Rounding-off ruley uniforrﬁly applied

4 Significant figures established for
each analysns . <

1 Determine control chart approach and -
- statistical calculations rgquired for
quality assurance and report purposes.

Processi.ng

2 Develop rey < rt forms to provide . -
compieie d’.ta documentation and
permanent records, and also to
facilitate data processing,

a To aveid copying errors, the
N aumber of forms should be minimal.

Reporting
The program for data handling ghould provide
data in the form/units required fo— reporting.

~



Elements of a Quality Assurance Program

. : : - y

D Storage 1 - Implements program in regional
- ' laboratory
1 For some types cf data, laborat-ry - .
records must be kept readily available 2 Maintains relations .and serves as
to regulatory agencies for.a per].od of source of information for state and
time. interstate agencies within the-region
¢ 2 A bound notebook or preprinted data 3 Serves as liason for EPA's Environmental
forms permanently bound provide good Monitormg and Support Laboratory (EMSL)
documentation.
' ) B The name, address and telephone number
3 STORET is a system for storage and of the regional AQC Coordinator can be
retrieval of water quality data. It is obtained from the EPA Regional Adminis-
a State) Federal cooperative activicy trator's Office or from EPA-EMSL,
which provides States with direct access Cincinnati, Ohio 45268.
into the central computer system, :
4 Many agencies have access tolocal IX SUMMARY
systems for storage and retrieval -
of data. _ . Quality Assurance regarding water quality
: ’ (or any type of) laboratory data requires
planning, control and checking for every
~VII-SAFETY.CONSIDERATIONS{13) . ... . ... phageof the operation trom sample collée=! -
. tion through storage of the data. This out-
v A Laboratory Facilities : - line contains a basic checklist of information
- . and items to be considered when developing
B Emergency Equipment a program to facilitate quality analytical’
’ performance by laboratoty personnel,
C' Program for-Health Checks as Required
o . To make the program effective, procedures
D Program for Inventory and Control of . must be written, responsibilities must be
Toxic.and Hazardous Materials and clearly defined and assigned, and individuals
Test Wastes - - must be accountable. Development and daily
: ‘, . performance of such a program which meets
E Safeq-y Officer-Responsibilities the needs of an individual laboratory (or
: agency) will take time. Considering the
1 Information . imporrance of the data produced, the invest-
' ment-in assuring its reliability is a sound
2 Planning . . o . one.

3 Inspection

4 Implementation ' . REFERENCES
5 Evaluation - S 1 Analytical Quality Control in Water and
‘ Wastewater Laboratories, 1972, U.S. EPA-
6 Reports - EMSL, Cincinnati, Ohio 45268,
_ 2 'Minimal Requirements for a Water Quality
NI EPA AQC Coordinators Assurance Program, EPA-440/9-75-010, .
o ' : _ . U.S. EPA Office of Water Plannmg and
A ' Each of the ten EPA Regions has an Standards, Washington, D.C. '20460. .

¢ Analytical Quality Control Coordinator.
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Elements ol a Quality Assurance Program

3 Anrual Book of JASTM Standards (Part 31),
Water, 1975, American Society for Testing
and Materials, Philadelphia, PA., 19103.

Handbook for Monitoring Industrial Waste-
water, 1873, U.S. EPA-Technology
Transfer, Cincinnati, Ohio 45268.

w

Standaid Methods for the Examination of
Water and Wastewater, 14th edition, 1976,
APHA-AWWA-WPCF, Washington, D. C.,
20036.

Methods for Chemical Analysis of Water
and Wastes, 1974, U.S. EPA-EMSL,,
Cincinnati, Ohio 45268. .
Model State Water Monitoring Program.
"EPA-440/9-74-032, U.S. EPA Office of
Water and Hazardous Materials, Washington,
D. C. : :
U.S. Geological Survey Techniques of
Water Resources [nventory; Book 1, 1975;
Book 5, Ch. Al, 1970; Book 5, Ch.A3, 1972;
et. al.; U.S. Government Printing Office,
Washington, D. C. 20402.

Froner, "Methodology for Chemical Analysis

This outline was prepared by Audrey D.
Kroner, Chemist, Natinnal Training and
Operational Technology Center, MOTD,
OWPO, USEPA, Cincinnati, Onio 45268

DESCRIPTORS: Analytical Techniques,
Chemical Analyses, Quality Assurance,
Quality Control, Reliability, Water Analysis

of Water and Wastewater' U, S, EPA-NTOTC,

Cincinnati, Ohio 45268,
10 Federal Register, "Guidelines Establishing
Test Procedures for the Analysis of
Pollutants', Vol. 41, No. 232, December 1,
1976, pp 52780-52786.

11
Drinking Water Regulations, ' Vol. 40,
No. 248, December 24, 1975, pp. 59566-
589574.

12 Federal Register, ''State and Local

Assistance, " Vol. 41, No. 82, April 27,

1976 pp. 17694-17700.

Salety (\'lahagemenf Manual, 1972
U. S. EPA, Washington, D.C. 20460
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Federal Register, " National Interim Primary
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