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Module Ho: Module Tme. P " . '
Chem1ca1 Oxygen Demand _ ‘ T )
! ’ e * —~ * . ‘ ’ * * ,; -
T o [ %ggbmoeele Title: . . - ' :
ST e 2 R :
|- . . {.Topic: Introduct1on to COD | B S
N e - COD Analysis ° 1N
Shours o |7 . Relationship of COD. to BOD - N
{0bjectives: . " . ‘ o
8
Upon comp1et1on of this module’ the part1c1pant shou]d be ab]e to determ1ne the
< | COD of a.sample given proper apparatus and reagents .
¢ | ‘ | ' L |
: A\ .
: \
Instructional Aids: - o -
Lab appdratus and reagents T o,
Handouts S . '
Overhéeds . 1 ' \
. . N -~ /’\
Instructional Approach: N Lo
. / 4
Lecture ) T / e
Laboratory ‘ v St
Discussion / "
. ? N
. ‘\ 2 !
References:, - L / N
EPA Methods for Chemica] Analysis of water & wastewater«
‘Standard Methods, 14th Ed. - .
~ | Sawyer & McCarthy, Themistry for Sanitary Englneers« . .
EPA Eff]uent Menitoring Procedures- Nutrient —
“{Class Ass ignments: g o P .
Comp]ete a COD ana]ys1s ' A e A
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optionally in the Introduction.

{

procedures: Nutrient. This low level @
, in the module but written\in a different format.

groups of two or three.

R made with colored 1/4 jnch dry transfgr letters.

s
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Voo

procedure is th

Overheads are jncluded for content value only the.actual o

nts should be supb]ied.go thét pérticipan

The EPA as a set of 35 mm‘s]ides showing COD analysis. This may be used

An optional procedure handout may be found in the EﬁA eff]uent'monitoring K
g same as the, one

verhead should be

N
~

ts, may work,
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. Module Ho: Module Title: e
: coD )
T ) Subiodule Title: ‘ S
; ’ ‘| Approx. Time: . // . o
) L . ‘ Topfc o - ]
. I hour Lntroduct1 on “to COD <
‘ Objectives: - .
| - Upon comp]etwn of this. topic the partici paqt shou]d be ab]e to'
. " 1.7 Indicate what is measured in the COD test. . ‘ .
‘ 2. Indicate how the COD'test- relates, to the B0OD and COD tests.
. K 3. Indicate when the low range COD test should be used. :
4, Indicate samphng procedures and samp]e preservatwn procedures for the
, COD test. .
: Jinstrictional Aids: ' a
' . " Overheads s
: . , . |
’ < v i ,‘\F
—, ¥ ] /.
7" [instructional Approach: ]
Lecturg™ -. .
. Discussion . .’
» — \L“‘ . -
o References: < . \
S Methods for Chemical Anafysis of waters and wastes i !
Standard Methods, 14th Ed. . - :
. Sawyer & McCarthy, Cherﬁstry for Samtary Eng1 neers .
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Module No: _ . Topic: ) , 3.3;\ S
. 3 b Introduction to COD "; ’ ‘ , e . }
Instructor Notes:. ! Instfuctqr Outline: - - ) .o \ i é
. A . o ‘ -
. ' a T T
Overhead ) : .{ 1. a. Discuss the COD test it terms of a .
- < © ., measurement of oxygen requiréd for
Flow sheet Page 11' }oxidation te €O and.Hy0. ,
. .. b., Exﬁ]ain that COD‘test uses- a potassium - i
. - .+ dichromate in a strongly acidic solution _
. s , : at an elevated: temperature as the . P
. . oxidizing material. . T,
ny 4 .o, . B '
, ’ . c. .Indicate that the amount of dicromate i< N
- | measured after the test to determine how .
- much was used in the test.' A khown
) amount is added before the test. L e
<o d. Explain that a reflux cdﬁdenSgr must
, A * . be used to prevent the loss of volatiles..
~ - . ' ! o
Y e. Explain that ‘for some materidls such.as | <.
v, - -10w-mo]ecu1ar-weight’T&tty acids, are’not
NI oxidized unless there is a.silver-
- O catalyst present. " .
. . . v . \ I3 . )
: f. Indicate that aromatic hydrocarbons and™
g N ;grdgyr+d§ne-are not oxidized under any -, | .
) ~ § gircumstances, ‘ : o
'2: " a. 'Indicate that COD"values -are greater than . .
, \\ ) BOD vatues for the same waste, because - ° }f].
-2 - ~ "the COD test can bxidige‘bﬁolqgfca11y.Amg_;
. . - resjistant organic matter such. as lignin® " |
‘ : ‘not oxidized in"the“BOD test wood-pulping,* °
- - - ¢ wastes have hig ligntn values’.j - .
' , FUCA b.- Indicate that the COD test cannot Co-
S differentiate be;ween’bjo]ogica]]y i >
- o ! Loxidizable and bioTogically inert organic *.
. e R < matter, : . ) .

' ; - - , : e N RS .

. , VS .¢. Indicate that COD and BOD have a-good %,
. o correlation-vatue gi!en'a consistant waste .
<o ‘s . composition Such as an-industrial waste..) ¢
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|Hodule Ho: Topic: , . S -
X SRR Introduétion to COD ’ . S . d
. \Q : y — ' . s B , i
‘Instructor Notes: ' Instructor Qutline: ’
Overhead  Page 8 Ll 3 Exp}a1n that the oxydent, potass1vm ) ‘
. "dichromate is used & one concentration for :
Low level. , _samples of COD less than 50 gud at.a more _ 3
High Tevel ; " concentrated 1eve] for COD_greater than,f/ !
0D Test - - 50 mg/1. . S
’ 4. ‘a. Discuss and if possible demonstrate -
N ‘ « sampling procedures. . . -
b. Discuss and demonstrate proper samp]e
' . preservat1on procedures._ ’
T HpSO04 to pH Z, Cool to 40 ¢c~ °*
N ~ \ < - -
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Module HNo: ’ ' Module T!tie; . o ‘. V'i - i
' : . . COD— ) o . o ‘ ] ‘ ﬁ> ’ : .l

Submodule Title: R

4

Approx. Time: ~
) ‘ Topic: . : )
. ’ . v A
3 hours : COD Analysis . . ‘

e

Objectives: o : o SR
\

Upenscompleton of this topic the participant shquld inab]e tor T .

Ident1fy the proper apparatus and reagents_ needed> for the COD fest
.~ Properly prepare reagents and glassware for the COD test. ’

Conduct the COD test given' samp]e, reagents apparatus and. procedures ) f
.Sheet. '

Trans]ate the raw data from the COD test into proper units of expreSS1on .
Y o

- g . N
» . -

. t ~ . N
- . ' ‘ R P
‘ . .

. W N
L L] L

- ’ —— - g \\»
Instructional Aids: . N ' ) . :

Lab apparatus and reagents per high 1eve1 handout ) ' PR
Handouts « ,

®verheads ' 4 )
3 _ [

] S
(X )

Instructional “Approach: ’ . ; ) : K
i a Cr - / 4‘
Lab S ,

o 4 ’ 3 r . _

RS - ) .

11 4‘1" - . L] . - . L
1 Ay

REfeTienCES, . . v . ° i L v ]

Stindard Methdds, 14th T
Methods Manual ® ' > -
‘EPA Effluent Mon1tor1ng Procedures Nutrients

. y B . * T .
C‘BS,. ASS‘§nnnlnts: ’\' . ’ . A . . . e
‘v -~ . ) } R “ _’\:. - . Y
nduct.a COD analysis - . * ! : L ;( PR

T
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—  |Module Hox Topic: : "
: R ", €OD Analysis 7 - .
Instryctor Notes: + ), { Instructor Dutline: ..  ~ . ) .
. - - - - ——— . )
- \ : » ot identif g 3
' - . 1., a. List and identify the proper, apparatus - -
: . ’ and reagents needef rot.the €OD test. - ™
- . A . - N Lot
‘ \ ' ; 2. a. - Demonstrate the makeup of reagents. - .
. . . \ - . , ) . ‘ 4
’ , . . " b.a Have groups of participants _make up
. ‘ ) required reagents. "
R ~ . i . . o/ o . . . O 9 »
- ' kg / ¢ .,
) Handout Pages 12 - 21 . 3. a. Demonstrate the startup: an end of the -
- S o COD test. . = . S
) 1 COD procedure . ™ R NER o .
) . . L { - b. Discuss sample di lution” and. the gréen~ |
: "High range ’ ’ co]or; of reduced dicromate. .
\ . s T
' . AL o c. Demonstréte si:r@rmzatmn procedure's‘. .
« ) 2 . ' d. Haye participants conduct a COD high
- . : , " ~level test and standirdize reagents., )
é . Handout~ | o 4. a. Work-sample calculations
. I ' ‘ Ky
: : . 22 . . . -
A . | .Bench sheet Page 22 * * . b,. Have partigipants trénslate raw data
N : : .. from the test into proper units.of
. N Co - e , <. expression. > o i
v s r . i A
. % -‘ / ® } " !’~
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CHEMICAL OXYGEN DEMAND (cop) - . - _— o
1 ) N " e - '/ . . N ‘\
Introduction ' Lov -
\7 14
U g;///N The chem1ca1 oxygen' demand (coD) is an 1mportant test wh1ch
asures the _organic strength of<wastewater., It measurgs those organ1c

Wmater1a1s which can_be  oxidized by a strong chemical ox1d1z1ng agent, in
this case potaSS1um d1chromate The units of measurement/of COD are in
terms of the-mg/] of oxygen 1nvo]ved in the-ox1dat1on reaction. _4,?§§,n

The COD reasures some organic materials that bacter1a are un ble

to utilize in the 5- ~day BOD test In add1t1oh waste wh1ch is too toxit

e S

-
-~

for bacter1ai oxidation can be measured. For these reasons, the BOD ya]ues ’

[

are norma]]y 50 - 70% of the COD. In add1t1on, the COD test has the , : j\\

N 7 advantage - of requiring on]y about three hours compared to f1ve days for- the ..

N
]
. . . - 2
, R BOD . . .. N o * o le s
»
. ’ . . .

~ - . * ~

.o In the tei:;vyhe\seuage samp]e is.mixed w1th mercur1c su]fate,

su]fur1c ac1d silver su]fate reagent and fhe potass1um d1chromate ox1d1z1qg

agent. The mixture is -then refluxgd (boiled and’ recondensed) for two' hours A

LIS 34

to 1nsure/max1mum ox1dat1on v Since a known amount of éhem1cal oxygen ‘in the
form of potassium d1chromate (K2CR207Y is added to the m1xture ‘Ehe amount -

_pf oxygen used can be determ1ned4by measur1ng the amount of potass1um v

: % d1chromate rema1n1ng after the reflux period. This is accomp]wshed by "':

t1trat g ‘the potass1um di chromate with standardized ferrous amnon1um squate.

i
1
i.-
i

"; | The COB is then expressed as mg/] or ppms\ - w l.‘ , ol
- The mercur1o sd]fate ‘is added to- the ref]ux to prevépt 1nf§$ference
adad
R Q ;h]omdes Thé silver su]fate is added as a catalyst to aid in the -

’ oxidat1b of some organic a]cohols and acids. Acid cond1t1ons necessany for

) ~

the ox1dation a

i mainta1ned by the su?furic acid.
. o ( .

o
A
vy

.
o’
s
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o
.
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- e
Ref]ux a‘p\ratus'w/Fr1edr1chs style condenser 3 . e

250-m Er]enmeyer f]ask with ground‘g]ass neck, size 24/40
Hot plate with 1 300 watt rat1ng ot _ ¢ . ‘"

o 500-m] wide mouth Er]enmeyer flask.
. R .
' Buret and Buret stand.

[ 3

10 and 20-m1 volumetric-pipettes.

.
+

Dissolve 12, 259 g dried KzCry07 1n d1st1]]ed water and dilute to one,]1ter
with d1st1]]ed water K2Q§§97 must be prev1ous]y dried at 103° C. for two

O (2) hours. -A .

-~

1. 2. Su]fur1c Acid (Ho S04) - S1]ver Sulfate (Ag24’p4) Reagent

-,.t

? ‘ .
Addeia/@ of Agz SO4 to a 9 ]b bottle of concentrated H2 504 1t may

take’ gne to two days\for the Agz SQ4 to d1sso]ve

4 3. Standgrd Ferrous Ammon1um Sulfate (Fe (NH4)2 (50442

Dissolve 98 g (Fe (NH4)2 (S04)5 . 6H20) 10 distilled water, add 20 m]

'concentrated HZSO4, cool, and d11utR_to one Titer with dist1]]ed water.‘

-~
..~ f

?. Ferro1n Indicator
D1sso]ve 1 485 g 1, 10 phenathro]ine (C12H3N2 Hzo) and 0. 695 g “Iron (II)
sulfate crysta]s (FeSO4 7H20) in d1st1]]ed water and d1]ut to-.100 m]
N w1thtdrst1]1ed water. e ii, ’ T,T};:f
L t o149 0 .
v N Y A , .

2 56-m1 graduated cy]{nders. I .c - "f:?T};ﬁaf
Glass beads . ° ‘ f : : . :“iﬁiﬂgﬁ
Reagents N e ' g . E L L ’*.~;‘fai
L tStandard Potagsium, Dichromate.(KZCr207) 0.25 N o S :gqi“

- _..,-4,.'

sﬂzo so]utidn o' 2N

v 0

Th1s so]ut1on is unstab]e and must be.standard1zed with each set of tests.‘

-

4

5T £ e s
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5.

| Prgcedure ' ‘ o .

:1.

) >2.

L3

" the FAS solution as "follows: . S

" d. "T1trate With the ferrous ammonium sulfat

by

Mercur1c Sulj’ce (HgSOQ - |

Ana]yt1ca1 grade crysta]s

Standard1ze Ferrous Ammonium Sulfate (FAS) Solution

4
At

wane the samp]es and blank are refluxing (Step #8 below) standardize

";’;h . 9

a. Dilute 10.0 stahdard potaSS}um d1chromate to about 100 ml with

P

“distilled Water." Use a volumetric p1pette to (neasu(e the 10.0 ml.

LY

Add 30" m] «oncentrated HpS04 and cool. b -

R Add 2 - 3 drops. ferrom indicator.

P

in the buret. The color

changes from orange to b]ue -green to reddish- brown The end-pomt

_is the sharp change from blue- gree to reddish- brown. a]though the

: b]ue-green may reappear on standmg b ' _1 '

e. Calculate nomfahty of FAS PR Lot :
Nomah ty, P FAS = ‘ St " .
\ o .
| (m. 2K2Cr207) x Nomality, (keCrg0g) = =% ¢
K ..5\‘}‘ - “ ‘ oy m] FAS ] 4 o ® ) l
;= {10 m) x (0.25 N) ‘ ' ' 5
E ml. FAS . , R N
Lo ' \ "
=« 2.5 . ; S ~ Sl
. FAS— - N - S
Place 0.4 g HgSO4 in_each 250 erlenmeyer flask e roo v |
S s S
Duplicates shou'ld be run for each examp]e S " )
. o Y b
Add 20.0-m1 Sample - N

p1pette for this transfer. : 1:5

Or duluted sample to the reflux flask.  Be sure sample is well mixed.

If large particles exist, samp]e should be homogenized Use voilumetric

,

L
A

i
. . |
ES . , . LS Y .
- ~ . . K
.o . 3 N .




- : '
) ? | . .
: ‘ Page 15 .
4. Add-10.0 ml Standard KpCrp07 , . - R , |
g?h - To the ref]uxffiask. Use-inumet¥iq p%pétteiﬁs - . : .
5. Add 30 m) Sulfuric Acid - Silver Sulfate Reagent o '
To the reflux flask, Use caution. ‘Add a little at a time with constant
- mi xing. > ‘ -
’ 6. Prepare Reagent B]anf C o ;
Repeat steps 2 -5 above except;ﬁse distilled water in place of the g
] 20.0 mi of samp]e : C h ‘ - .
7. Add Glass Bo111ng Beads o R ‘ /,(T/
L About 15 - 20 beads to each ref]ux f]ask Y '
8. Reflux Samples and Blank L, ~ ﬁ
‘ Make sure contents are thorough]y m1xed before praeeed1ng to heating
‘ step. If this is not done, local hot spots may cause the flask to « .
) explode. . - . ) . g \ ‘
Reflux fof;two hours. o ‘ | ' o
R ~ ] ' ' :
If!the mixture tuens, comp]ete]y green, th sample is too strong ,Pi]utq-
the samﬁﬁe further and repeat the procedure. ‘ '7" L;"‘:”?
9. Wash Condenser and Ditute _ ﬁ
After allowing the mixture to cbb],éwash down thé condenser with aboui
25 ml distilled ﬁater. Traﬁgfer flask contents to a 500-m] wide moytﬁ
Ecleﬁméyér qusk‘/ ash1ng out the reflux flask 4 or 5 times with
—_ k. -distillad water. po’ not d1scard boi]1wg beads D11ute to about- 140 m
/,” R with d1st111ed water.. Cool again to roomgiﬁgperature. hia
/ 10.- Add. 2 - 3 Drops Ferroin Ind1cator a S,
.. 16 A

) < LR
» N - P , v
a . N ~ . 2




LS

:o_' . ) o * .5\’) :: '.; .
o v " x ~ -
.\ :\ R i '. . ‘ . . .
. Y N > ..
. " - - Page _16 '
. . . « an N . ‘ (3 N - .
11, Titrate With FAS s " v
- ,\ Q
- T1trate to thevreddnsh brown end-p01nt as in the standard1zat1on of FAS
Remember to.record 1n1t1a1 and final buret read1ngs when carny1ng out .
a . ) ) r ‘
;1tr\§1qns - ; \\\\\_/ / _
Ca]cu]ations ‘
Ca]cu]ate m] of FAS used by subQ{act1ng initial from f1na1 buret read1n95°
a=ml FAS used to t1trate b]ank -y
b= ml FAS used to titrate sample . ST N
rCa1cu1ate COD (mg/1 or ppm) where N = Normality of FAS as detegm1ned by o ‘
A - ¥ “ - .
standard1zat1on. ) ’ A o .
COD, mg/1 = (a - b) x N x 8000 A
ml_original sample " - KAl o
- ' - - i
. < o
7 e {
o : IR
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MICALOXYGEN DEMAND (Low Lével)

Scope and Application ;

|
~ |

1.1 The scope of th1s mod1f1ca;l::$:f the Che‘/ca] Oxygen Demand (COD)

test {2 the same;as for the high level te‘t It is app]1tab1e to~

‘the analysis of surface watersl domest1c Jnd industrial wastes. w1th

low defian d charaéter1§¢1cs “ . : ) ‘,
1.2 This method (?ew;]eve]) is app]ﬁcab]e for, semp]es having a .COD in
' the'range of 5 -'50 ng/]_COD. - o ¢
. Sumary of Method R R T

3

2.1 Organic and ox1d1zab]e 1norgan1c substanc=s in_an aqueous samp]e are

0x1d1zed by potasslum d1chromate so]ut1onlln 50 percent (by\volume)

su]fur1c acid| 1h so]ut1on The excéss di

\hromaﬁe is: t1trated w1th
standard ferr us ammoni um su]fate us1ng or‘ﬁophenanthro]1ne ferrous

complex. ( ferroin) as' an 1nd1cator :
/'2,_

'

Samp]1ng and PreSjrvat1en oy = \31. p

"3, 1 Co]]ect the samples in glass bot%]es, if pos\1b]e

conta1ners 1sspenn1ssib]e if it is known that no organic contam1nants

are present in the cpnfEqurs \

Use of plastic

I fE,

} © |
- Samples, c6nta1n1ng sett]eab]e materaa] should bf we]] mixed, preferably

homogenized, "to perm1t remova] of representat1Ve\a]1quots

conc. H2504 per 11ter of samp]e

Interferences

. - .
. § .
- o . -
t
. < ::“‘ . -
T AN < \
N ° . .
- .- -
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6
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5. Apparatus

\ ‘e >

4:2 Volatile materials may be lost when the sample temperature rises.

during the sulfuric’ acid addition step.

R A
¢ ‘;}f’." -

A

4.3 Ch]or1des are quant1tat1ve]y OX1d1zéd by dichromate and represent-a

’

positive 1nterferences Mercur1c su]fate 1s/added to the d1gest1on

flask to complex the ch]or1des, thereby effect1ve]y e11m1nat1ng the

. anterference on all but- §r1ne and estuarine samples.

-

5.1 Ref]ux apparatus: Glassware shod1d consist)of a 500 ;1 Erlenmeyer

* ' flask .or a 300 m] round bottom flask made of heat-r sistant glass

L . connected to<a 12 -inch. Allihn condenser by means of a ground glass

Jo1nt + Any equ1va1ent reflux apparatus may be sue?L1tuted prov1ded

that a ground-g]ass connection is used between the flask and the

R - ]
_ 7 condenser: \ - e

s, ,‘ . ~ . 3
6. Reagents : e e o

! 6.1 Distilled water: Spec1a1 precautions should be’ faken toMnsure

-
that d1st1l]ed water used in this test bexlow in organ1c matter L

t

6 2 Standard potass;um d1chrdmate so]ut1on (0 025N) D1sso]ve 12 259 ¢

K2Cr207, primary standard grade, prev1ous1y dried,at 1030 C for two
hours, 1n d1st11]ed water ,and dilute to 1000 ml. Mix this so]ution
R f thorough]y then d1]ute 100.0 m1 to 1000 nﬂ w1th d1st11]ed water.

6. 3 Sulfuric- ac1d5reagent

L€ T

v Agg 504, per 9 1b bottle.

v

Conc

§§u1fate'may be‘dissolvedzan .abéut 30 minutes. )

0’ - .
-~ - .
P v -
. . B ey
- . . ' . * ey
g .

-
;3
Jomed
o
®
X,
»

(W1th continuous st1rr1ng, the siTver L

<«

HZSO4 conta1n1ng 23 5 g silver su]fate.

1

P Y
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" 644 Standard ferr0§§ ammonium sulfate (0. 025 N):.

Sy Sem~S T .
0%355135 98 giof

Add fb m] of conc

Dﬂut,g 100 ml of ‘this

Fe (NHg)2 (SO4)7 .

Hg 504 (6.8), cool and dilute to 1 11ter

6H20 in d1st11]ed water

so]utron to 1 liter with distilled water Th1s so]ut1onamust be

standardlzed daily aga1nst KzCR207-,olutJon.
6 4 1 Standard1zat1on

. ‘C !
-To 15 ml of d1st11]ed water add 10. 0 ml of

AJ

0.025 N KgCr207 (6 2) solution. Add 20 ml of Hz 594 {6.8) and

Titrate w1th ferrous ammonium sulfate (6 4) using 1 drop

s

. cool.

[~

of ferro1n indicator (6.6). The co]or change is sharp, going

£

" from b?ue-green to redd1sh-brewn. ) e

Normality= —+pc (NHg) (504»)’2 |

6.5 Mercuric sulfate; raﬂ/gared Hosog - - - S : -
6.6 Phenanthro]1ne ferrdus sulfate (ferro1n) 1ndzcator solution:

1.48 g of 1 - 10 (ortho) phenanthroline monohydrate, together with
0.70 g of FeS0y .

Disso]ve

7H0 in 100 m} of water Th1s indicator may be

purchased a]ready prepared.

. ¥
6.7 S11ver sulfate: .Powdered_Agg SO0y ¢ . .éiff
6.8 Sulfuric acid'(sp. gr. i.84):‘ Concentrated Hy S04. h '/ \
Procedure - A . ? )
7 1 Place s%yera] bo1‘+ﬂy stones in the reflux f]ask" fb] ed b& 1g of '
Hg SOy (6 5). Add- 5. 0 ml. conc. HpS04 (6.8); sw1r1 until mercuric
-

sulfate has d1SSO]Ved Place reflux flask in an ice bath and s]ow]y

No# add'70.m]
of, su]furic acid-silver sulfate so]utioh (6.3) to the- coqﬂed refiﬁg%

add with swirling, 25.0 m1 of 0.025 N K20r207 (6.2).

f]ask again using s]ow aﬁ%ition w1th swir]ing motion

ST 20 . - .

—

N . «
~ . . L

(m1 K>Cro07)(0.025) - S R

{
+

<

FOU N g
3 0

R P

c“,\“‘
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7 2 With the ref]ux flask st1H in the 1celbath, p'lace 30 0 ml of sample or
an ahquot dﬂute to 50 0 ml 1nto the reflux flask.

Vd .-1 .
~ : ','"a.n Lk

~ CAUTION: Care must be taken to as'sure that the contents of ‘the ¢ /

~ T, o

flask are weH mixed. If not superheat1ng may result and the

mixture may be,blown out of the open end of the condenser. . Attach o

] '
s . /
~ !

, ‘ the f]ask to ‘the condensep and start the cooling, water
7.3 Apply” heat to the flask and ref]ux for 2 hours - For some waste

’ waters} the 2- hpur reflux per1od is not necessary Thg time: requ1 red

v

y ——_ to gwe the maximum ox1dat1on for a wastewater of constant or known -

v mtmr) may be determ1ned and.a shorter perrod of reflux1ng may ;
* | . be perm1ss1b]e ‘ PO s L
. . . . . /\\ 5 P s - ‘1 :
, N 7.4 Al1owthe flask to cool and wash down the condenser with_about 25 mooc
v * . L . .
‘ . . of distiHed water. If a round bottom f1ask has been used transfer
R o | _ the mixture to a 500 ml.. Er]enmeyer flask, wash1ng out the reflux
L I = ) s H
ot N ) f’lask 3 or 4 times with distilled water D{]ute the .acid’ solut1on ‘
. ' 1_.% v to about 300.m1 with distilled water and allow the solution to cool

‘ - to about rbom temperature. Add 8 to-10 drops of ferroin 1nd1cator

. | . (;%) to the solution any titrate the excess d'lchromate with 0 025 N'
i " ferrous amnom um su]fate (6. 4) sofutwn to the end’ po1nt The color
change will be sharp, chang1pg from a blue-jg:een to«a redd1sh hue..

|
}
7.5 Blank -- S1mu]taneous]y run a' blank detenmnatwn foHovnng th . ‘
{
|
|

;M S detaﬂs g1ven 1n (7 1) and (7.2)3 but us1hg Tow COD,water Jin place
- of samp]e ) —_"'1. 5 ) 2 ' “, +
8: Calcu]atioﬁ - _ o . -‘. ,
8.1 Calculate the 80D ‘in thE'saﬁ'p?fe in mg/! as f?”"_’;‘s‘u.-( T .

i g
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Where /_\'W g . & 5 N
. " .A = milliliters of Fe(NH4)2 (504)2 so]utwn r'equwed for t1trat1on B
1 "blank, N o '
s . \ : © .
» B.= mﬂhhters of‘Fe(NH4)2 (504)2 so]utlon required for t1trat1on of ~
the sample, . - ’ | _ ’
N = normality of the Fe(NH4)2 (504)2 so]utwrg/and
S = mﬂhhters of sample used for'the.test™ * & )
9. Précision and Accuracy - e R
/ i
9 1 Eighty-six analysts 1n ﬁfty-e1 ght ]aboratomesmna]yzed a. distﬂ]ed L
) water solution .containing oxi dzzab‘le orgamc mater'ca] equi va]ent to :\
. |
. 12.3 mg/] C0D. The standard dev1at1on was £ 4. 15 mg/] COD with an
. ’<‘ ° !
. . accuracy. as percent relative error (b1as) of 0 3%. 4 (EPA Method _, ;-
L, . Research Study 3.) ~ o t*:\*g - ';_‘ T o ; ’
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 SAMPLE
ML-OF SAMPLE
ML OF ACID REAGENT
ML OF DICHROMATE
"START OF BOILING™
END OF BOILING *
ML OF F.A.S. USED

C.0.D. MG/L . J
. . 4
SAMPLE \'
ML OF SAMPLE
ML OF ACID L.
f%,ﬂf/B;EVRQMATE\\
START OF-BOILING
\WDOﬁﬁMLmGAf;
ML OF F.AS USED -

.0.D. Me/L ,
i \ '

!

~

ML -OF DICHROMATE _
. ML OF. F.A:S

,rr

\

F.AZS.  STANDARDIZATTON|* >
77 L

24

NORMALITY OF_F.A.s.,/Tf'
J

P

SAMP[.E j’ ' \.s'~

&

AVE C.0,D._

L4

R

" SAMPLE'

" AVE C.0.D.

_AVE C.0.D.

A

e

N

-

% og |

ctt

-
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Module Ho: ~ Module Title:
] v J{ 'c.b . Yo R } ! ° o _ .
: ™. Subnﬁdu'le' Title: : : :
Approx. Time: . . . . e ‘
’ 1 Topic: N S |
30 Min. oo r’ﬁelatlonsmp of oD tg_BOD‘ o { -
. N 3 . . . }. |
Objectives: - , . \ ‘ -
Upon completi on f th1s topic the part1c1 pant should be ab]e to' y ) )
1. Predict BOD dﬂataons from COD results given an histori ca] set of BOD ! }
and coD resu]t;s for the sampIe. |
- / T ¥
/ N ) \ ,..,,,.f;r / - '
Instructional Aids: | - ' . K \
Overheads . o /e P
. ‘ : ) P
< » ? 3
: o i
Instructional Approach:- : N o ‘
Dis%:ssion ) ¢ . R \
r N . , ‘ . ‘ » . B f
] A . )
References: 1 L v LT
Sawyer and McCarthy, Chemistry for Sani tary Engineers S i
Clasi Assignments: °, o - .
None - \ T . h ‘ - r
) ' - ; ) f
. o e 9 P
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Module No:

Topic: -

—-—

Relationship. of COD to BOD

Instructor"ﬁotes:

3 -

Y i .
Iq;trgctor/Out]ine:

Overhead Page 25
_BOD -' COD data .

/‘J

P

jD1scuss pred1ct1ng BOD d1]ut:on factors
from cob data . s

\

work examp]e problems. .

Show how to determine a corre]at1on factor
from a set of BOD - COD data.,
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F. %Ob values are'normally Righer then BOD values. s e
- ] o . s ‘
F .The COD. ana]ys1s is invalid if the color of ghe solution is green .
after d1gest1on.‘ N _ e
F The t1trat1on of COD sample determines the amount of potassium -
’ d1cromate left. - e T )
F A blank COD ana]ys1s needs pot - be’ run. . e ) ( |
» 4 ‘
F A BOﬂ value may be estimated from a COD value .given, a historical ‘.
, set of COD-BOD values. for the sample. - K ;o
-~ i . .
F FAS titrant need to be standardized weekly. - N *
: M . B , , . .f.i
F A COD sample may be ﬁresekved with-acid and cooling for 7 days. C ; |
. v '
A ~ - LN
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