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Experiment No. - 1

1. pH dTHIUA
1. Measurement of pH

JERY: pH Hie DI dfersie HAT 3R fU 7T & THA BT pH AT HAT|

Aim: To calibrate pH meter and measurement of pH of given water sample.

e & ufoIm: BT pH Hiex &) Hictsie o3 &1 fshar TRAT 3R SHITd ST =TI BT pH
TG HRA BT HTHT YT Dl |

Learning Outcomes : The student will learn the operating Experimental Procedure
required to calibrate a pH meter and will gain the experience for measuring pH of
unknown water samples.

ﬁf&"fﬂ:
pH ST HII STel T & e Hedqu! 3TR I TR A T § | pH Pl BTS S o ST
gl & FHUMHD TV o U H HIT ST § (FHIBRT 1):

pH = -log [H+] FHIARTI (1)
T8l {H+} BTS IS T (AT UICHH) S1 Figal (a1 Tiafafdy Hie ufd efiex (M) H gich & | arosm

IR AR A g, fordt ©id o1 St a1 & U fa &1 gl pH §IRT oad &1 St 8 | pH
A 0¥ 7 dh 31T, 79 14 TP &RITEIA § 3R 7 Ie BT g |

Theory: Measurement of pH is one of the most important and frequently used tests in
water chemistry. The pH of a solution is measured as negative logarithm of hydrogen ion
concentration (Eq.1). pH= -log [H+] Eq. (1) Where {H+} is the concentration (or activity) of

hydrogenion (or photon) in moles per liter (M). At a given temperature, the intensity of the
acidic or basic character of a solution is indicated by pH or hydrogen ion concentration.
pH values from 0 to 7 are diminishing acidic, 7 to 14 increasingly alkaline and 7 is neutral.
The basic Brief Theory of electrometric pH measurement is determination of the activity
of the hydrogen ions by potentiometric measurement using a standard hydrogen
electrode and a reference electrode. Majority of modern pH electrodes are combination
pH electrodes rather than a set of two separate electrodes. The combination pH
electrode is virtually a tube within a tube arrangement. The inner tube housing the pH
indicator electrode (pH sensing membrane, Ag/AgCl reference electrode, and HCL) and
the outer one housing the reference electrode (Ag/AgCl) and its salt bridge. The pH
sensing component of the indicator electrode is a glass bulb. When a pH probe is
immersed in a sample solution, an electrical potential is developed inside and another



electrical potentialis developed outside, the difference in the potential is measured and
is given as the pH of the sample.

pHﬁﬁﬁm:

@ 3R faya-itg A9 YRET o3 & T pH Hier &1 SiersiA avg® g1 38 UHS
THR U T fHParSarg |

Calibration of pH: Meter To be certain of accurate and reliable measurements, you need
to perform pH meter calibration. This is generally done by measuring different buffer
solutions with standardized, well-defined values, and then adjusting the pH meter based
on any deviations from the buffer’s known pH value. Buffers are solutions that resist
changes in pH when small amounts of a strong acid or a base are added. Because they
maintain a constant pH, buffers are good reference solutions. Calibration should be
performed periodically to maintain the pH data quality.

AT
pH'mET
HTd b I (S1BR)
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Apparatus: pH meter, Glassware (Beaker), tissue papers

T

pH 4: pH 4 TR ¢FdE DI 100 mL TS H T |

pH 7: pH 7 IR ¢Sde Bl 100 mL TAD | TIddR |

Reagents Buffer Solutions

1. pHA4:ltis prepared by dissolving buffer tablet of pH 4 in a 100 mL volumetric flask
and diluting it up to the mark with deionized water. Alternatively, it may be
prepared by dissolving 1.021 g of potassium hydrogen phthalate (KHC8H404) in
fresh 100 mL deionized water.

2. pH 7: Dissolve a buffer tablet of pH 7 in deionized water in a 100 mL volumetric
flask and make up to the mark. Alternatively, dissolve 0.340 g of potassium
hydrogen phosphate (KH2PO4) and 0.355 g disodium hydrogen phosphate



(Na2HPO4) in distilled water in a 100 mL volumetric flask and make up the
solution to the mark.

wfosa:
pH HIe BT HBferswH:
1. MR Arg R 3R 5-10 e aB THER S|
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5. pH 7 TR T SACIS STal 3R fRR pH R AT H1 |
6. AGCIS HIHR pH 4 THR H STt 3R T81 UfehaT GIevId |

Procedure

Calibration of pH meter

1. Plug in the meter and let it warm up for five to ten minutes.

2. Put the selector knob to pH mode.

3. Rinse the electrode with de-ionized water and blot dry using a piece of tissue.
4. Allow all the buffers to reach the same temperature, since pH readings are
temperature dependent. If the buffers are not at 25 °C, temperature
compensation is recommended. Measure the temperature of the buffers using
thermometer and manually adjust the “temperature compensation knob” to this
temperature. Where, ATC probe is available the system automatically transmits
the temperature of the buffers to the meter.

5. Place the electrode in the solution of pH 7 buffer. It should be ascertained that
the glass electrode membrane is completely immersed in the solution. Electrode
should not touch the sides or the bottom of the beaker. Allow the pH value to
stabilize and adjust 'set buffer knob' in a manner that the reading matches with
buffer pH. Remove the electrode from the buffer.

6. Rinse the electrode with de-ionized water and blot dry using a piece of tissue.
7. Place the electrode in the solution of next bufferi.e. pH 4. Follow the step no. 4
until pH value reaches pH 4. Remove the electrode from the buffer. Similarly, other
pH standard such as 10.1 can be used, depending on the expected sample pH
range. Generally, for groundwater sample pH 7.0 and 10.0 should be used for
calibration purpose.

8. Rinse the electrode with de-ionized water and blot dry using a piece of tissue.
9. Now, the instrument is ready to measure pH of unknown sample.



AL BT pH ATY:

1. MR DI pH HIS TR IW |
2. 3AFIS B 30-50 mL THA T STl |
3. pH AF & fRR A T 3R ReplS B |

pH Measurement of samples

1. Make sure that the meter is set to the pH mode.

2. Place the electrode in the sample (30-50 mL) to be tested.

3. The pH of the solution appears in the display. Allow the display to stabilize
before taking your reading.

4. Note down the pH and temperature reading.

5. Rinse the pH electrode and place it back in the storage solution.

raTf=ai:

1. 3018 P e HUH 3M KCL AT H T |
2. A FAGCIS D1 Tdg Pl hddl -RY S TH B |
3. U FETYH ] HEH AYE R AT

Precautions

1. Make sure to store a pH electrode in its wetting cap containing electrode fill
solution (3 M KCl, purchased or prepared by dissolving 22.37 g KClinto 100 mL DI
water). Do not store electrode in DI water.

2. Never touch the membrane of the glass electrode with anything else except
soft tissue paper since it is fragile and is easily ruined if scratched or bumped.

3. Always bring the standards and the sample to the same temperature before
measurement (preferably room temperature).

a&‘mm:
AT pH mV dIYHTT oC

Observation Table:

Sample pH mV Temperature oC




Results/
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3. B3SO T TIfAfaf & 509 w4 pH H frat g T2ifcht 82

Questions:

Q1. Write down the environmental significance of pH measurement of water
samples.

Q2. One solution has a pH of 4.0 and another has pH of 6.0. What is (a) the
hydrogen ion activity and (b) the hydroxide ion activity in each of the solutions?
Q3. A50 % decrease in hydrogen ion activity represents how much of an increase
in pH units?



ExperimentNo.-2 &3

2 & 3 Total Solids, Total Suspended Solids, Total Dissolved Solids, organic &
inorganic solids
Tl S YaTY (Total Solids), Fel faerfard a1 ey (Total Suspended Solids), Fel
gford 31 9aTH (Total Dissolved Solids), FTdfae 314 9&T¢ (Organic Solids) 3T
3ot fa ST 9ETe (Inorganic Solids):

Aim: To determine Total Solids, Total Suspended Solids, Total Dissolved Solids, organic
& inorganic solids in water or wastewater sample through Gravimetric Method

3G2RT: STl AT IIFAST STl & THA A Fof S G (Total Solids), FeT foreifara Srar verd
(Total Suspended Solids), Fe GfId 31 9aTd (Total Dissolved Solids), FTd feish 31
g1 (Organic Solids) 3R 3 fas o veret (Inorganic Solids) ﬁm@?ﬁ‘ﬁ'
(Gravimetric Method) & ATEIH ¥ fAUTRT FI=TI

Background:

Solids analysis provides one of the fundamental measurements used for control of the activated
sludge process and for the regulation of wastewater discharges.

Gravimetric analysis is based on the determination of constituents or categories of materials by
measurement of their weight. The experiment illustrates the principles of weighing and demonstrates
separation and categorization techniques used to define the various types of solids in waters and
wastewalters. These techniques involve three analytic operations in addition to weighing. These are:
filtration, evaporation, and combustion. Filrration is used to separate suspended or particulate (non-
filterable) fraction from dissolved or soluble (filterable) fractions. Evaporation separates water from
material dissolved or suspended in it. Combustion differentiates between organic and inorganic matter.
Organic matter will be destroyed completely by burning at 550"C for 30 min.

KLLIEH

GifersT Uil fere fshar Telst 9fshar & a0 3R 39iRIse ST [Adget & &a#eT & fav
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3R FIfTRROT Teheitent ol UG T FIAT § | ST Aeheilehl H dofel oh TEITdT cilel [ARIYUTIcHD
HaTere AT S | I § [Felgsa, arsdierior 3R &g | BISsisT 1 39T faefed A1 et




(98T hideand & Fordss AT arichele (F3iT-hahs) 3721 I gt & forw fhar S g1
TSRO # el §U AT AT Terdy MiAe g1 §1 g1 hilfAsh R sAver aerd & <
3R AT & Fefeten dGTd T 30 fHeTe & forw 550 33 dfcaad W gest garT QU e &

Procedure:

Samples:
[. Weigh filters (mass=B g).

2. Filter samples (50 ml).

3. Run each sample in duplicates. You will have a total of 4 samples.

4. Oven dry at 103"C for 30 min (please note that standard methods recommend 1 hour). At this stage all
water will be evaporated and only suspended solids will be retained on filter. Weigh filters now (mass
=A g).

5. Calculate concentration of total suspended solids

mg total suspended solids =1000*(A-B)/(sample volume in mL) (1)

6. Weight crucibles (mass=C) and then weight crucible and filter (total mass=E).

7. Put crucibles with filter paper in muffle furnace and Ignite at 550"C for 15 min. At this stage all volatile
components of solids will be volatilized and only fixed inert solid materials will be left in crucible.
Weigh crucible after proper cooling (mass=D g).

8. Calculate concentration of volatile suspended solids (F) :

mg volatile suspended solids/L =1000%(E-D)/(sample volume in mL) (2)

9. Calculate concentration of fixed suspended solids (G) :

mg volatile suspended solids/L =1000%(D-C)/(sample volume in mL)

Se Y eI ST

ufshar:
QIS

1. doleT heeT HT-3r

2. e T&ged (50 fAe).

3. TH & 11T SCollchedhl A | 39 9TH el 4 AT ghar|



4. 30 fA=TE & T 100 33 Afcwaa R UV | (FUT 471 & foh FCSes AUIS AINHAS 3175
BT | S8 I TR FfY TgeTet ohl GT feT SITUaT 3R sherel folelToic] OIE IS e H sehIN 16T |
ThTSEX T doled Y (MHbIM Ag

5. S folelfaicl O 3R el <o Y Al T IUTAT | S = 1000 * (V-37R) (AT AT
%hel) (1)

Rl

6. galel caucibins juvane-&Y) 3R AT aaiT g1 & 3iX filin (nizi naze-15).

7. fhecy UW & 1Y AT ided St wfsfear rg@t # sref 3N 15 fAse & fow 550 3ot
AfeaTH TR I | Sreh I SST 811 o slTe dofet dlel (fAeliarme) |

8. diohel TUSS iTard I fohfAeel AiguT (TR areiced TRUSS JifoIsT/Tal=1000-(3-
3)/(HTel alegFd STATH) (2)

9. arsuieT AT d1F &7 Higdr T AT Y (2) arsgie Fefad aig = 1000 * @E-47
(THUS H T |79



Experiment No. -4

Acidity (3rFerdr)

Objective :

To determine the acidity and alkalinity of a given water sample.

3eae¥: 5T 1 el & A Y e R AT H RUiRa Fe)

Outcome : Students will learn the titration method to measure the acidity of water and
wastewater samples.

gRorma:
B Ul 3R 3¢ 96l & FHeA Sl 3Fadl AT & fov argeers fafer drgen

Theory: Allwaters having pH lower than approximately 8.3 should contain acidity. Acidity
is the capacity of water to neutralize a base (OH). Sources of acidity in natural water
include CO2 (air, bacterial degradation), H2PO4, H2S, protein, fatty acids, and salt of
trivalent metals such as hydrated Fe3+ and Al3+Acids contribute to corrosiveness and
influence chemical reaction rates, chemical speciation and biological processes. Acidity
of water is its quantitative capacity to react with a strong base to a designated pH. In
polluted water, acidity may be caused by free mineral acid (H2SO4, HCl) from
metallurgical industry, acid rain, and organic acid mine drainage, waste. To measure
acidity, an alkaline solution (NaOH) and two indictors are used. The measured value may
vary significantly with the end point pH used in the determination. The first indicator
(methyl orange) changes colour from red to yellow at approximately pH 3.7. This
corresponds to mineral acidity or methyl orange acidity. If NaOH is continued to titrate,
the second indicator phenolphthalein changes colour from colourless to pink at pH 8.3.
Titration to the phenolphthalein end point of pH 8.3 measures acidity from both mineral
acids and weak acids. This total acidity is also termed phenolphthalein acidity. To
calculate mineral acidity or total acidity from the titration data, the amount of NaOH must
be converted to the equivalent amount of CaCOS3 (in mg/L) in water. Since the molecular
weight (MW) of CaCO3 is 100 g/mol or 1*105 mg/mol, its equivalent weight is 2 MW or
5*104. This is used as the conversion factor so that the acidity can be reported as mg
CaCO3/L. Note: As far as water analysis is concerned, acidity test does not bear
significant importance because methyl orange acidity invariably remains absent in the
raw water and even phenolphthalein acidity (that too principally due to the excessive-
prevalence of dissolved carbon dioxide and carbonic acids) normally does not exist to a
significant extent in the raw water.



Rgea:

Toft iy fSsTepr pH SeT97eT 8.3 & el §IdT &, 378 3ol 8leil dAIRT| 3TFcldl dg &THdT & S
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IRATUTCHS &THT & Sl Teh Holgd &R & A1y fAuiRd pH d gfdfshar & &1 Jefdd arer
A JFAdr TadT @it 3 (H2S04, HCL) & HROT 81 Hevcll 8, S UTehst 31T, 3 af,
3R FafAe 3T e 3aTg| 3FAdT HF AT & [T U e 'l (NaOH) 31R & ddhds
T 39T T ST &1 AT 318 AT FAMCH 6 pH & 378R Heet g1 Fehcll &1 Igell Hehelch
(AT 3RST) AT pH 3.7 R el & Wit [N F Scoldm &1 Ig @il 3Farar a1 Al 3
HEAAT & IHTET g1 IfE NaOH &l ergee fahar ST, ar g@lr Hehdesh fihelethrelsl pH 8.3 T
TR A el W1 A Seadm gl elehdres AT &g pH 8.3 I @idsl 3rFall 3R wASIR
3T A IEAT AT §1 3 Fol 3T I hellohTelal IFercm o gl STl §1 TS 3T
q GiAST 3l a1 FHel IFAT T 0T F & AT NaOH & AET @I gt & CaCO3 &
aAFE (mg/L#A) qRafdd e greml dGfes CaCO3 & 3rorfdess gt (MW) 100 g/molar 1105
mg/mol &, STFT FHFET doia Vo MW Ir 5104 &1 ST 3UANT IRAdH & &I H fhar STam g
aIfer 37FedT A mg CaCO3/LF & & R fFar o Il

Apparatus Titration Stand with Burette, Conical Flask, Beaker, Measuring Cylinder,
Pipette, Funnel, Wash Bottle etc.

DER

TSR TS & TY SYRE, AF FellEeh, fehY, AT dlell THelsT, IrgUe, Helel, AR Sicler 31|

Reagents

e 0.02 N NaOH Solution: Dissolve 0.8 grams of NaOH in 1 L of deionized water.

e Phenolphthalein Indicator: Dissolve 0.5 gm of Phenolphthalein Indicator in 500ml
95% of ethyl alcohol. Add 500 mL distilled water.

e Methylorange Indicator: Dissolve 0.5 g of Methyl orange Indicator & dilute to 1000
ml with distilled water.

Taafas e
e 0.02N NaOH @H™ME: 0.8 A NaOH &1 1 #feX I3RS ss Ul & =il



o halchUTT Hohde: 0.5 AMH halichATT Tohder &l 500 AT 95% TtfAeT 3reahigaT
# grl| 500 A distilled gt AT

o AfYT 3RS Thde: 0.5 I ARYT 3RS Thds & =rel 3R 1000 A distilled gr=iy
H gdell |

Experimental Procedure
Methyl orange acidity

1. Take suitable volume of sample (25, 50 or 100 mL) in a conical flask (V)

2. Add 2 drops of methyl orange and see the colour. If colour turns yellow, methyl
orange acidity is absent. If colour turns orange, titrate with 0.02 N NaOH till colour
changes to faint orange. Characteristic of pH 4.3-4.4. Note the volume of NaOH
required (A).

Phenolphthalein Acidity

1. Take suitable volume of sample (25, 50 or 100 mL) in a conical flask (V).

2. Add 2-3 drops of phenolphthalein indicator. If the sample turns pinks colour it
means that, phenolphthalein acidity is absent and stop the experiment.

3. Ifthere is no colour change, titrate with 0.02N Standard NaOH solution till faint
pink colour appears indicating pH 8.3. The end point is colourless to faint pink
colour. Note additional volume of NaOH required (B).

qaecAS gfshar:
1. AN IS IFaar:
o UH 3UGFd AT H AT (25, 50 AT 100 fAM) i Foreah (V) H ol
o 2% AR 3N el AR T G| PR T G & J1T, O A AT 3erar
3afed g1 Ife W1 AR g oY, af 0.02 N NaOH & 218¢e &l 5 ooh {1
goohl AR & 81 1T, St pH 4.3-4.4 % 31789 g1 NaOH &I 3ravas &M (A)
Al &
2. fralewyraa Fddr:

o U 3UgFd AT H AT (25, 50 AT 100 fAM) i Foresh (V) H ol

o 2-3¥¢ ThalehUTeled Hehcleh 3Tel| Al FHEAT Ielell LT H Teol ST 8, ol SHHI
Aclord ¢ f&h WhallohaTelsl 3adl 3uieyd § 3R wler &1 A+ 2|



o IR FE W1 IRadT A @ &, A 0.02N ATH NaOH T & T HY
SIS T goel ITel {1 he o g ST, St pH 8.3 % FRd Far g1 |ATd
foig TR & gooh Ieel W & BT g1 HTARFdT NaOH & &A= (B) #le |

Indicators: Phenolphthalein and Methyl Orange Indicator.
Thds:
halehaTesT 3R AT 3RS dohds

End Point: a) Yellow to Faint Orange b) Colourless to Faint Pink Colour
o gHIfta fig;

o @) Wl & gl AR

o W) TR A goohl Ielrel

Observation Table:

S.No. | Volume of Initial Burette Final Burette | Volume of NaOH
Sample (ml) Reading (ml) Reading (ml) | ( ml) used
Aqelhel diferer:

# W | dH A | WREAF sqRe P | sfaw sgfe | NaOH  &r  &mr
(=) (freiY) {fsar () (<) s &Y a1

Calculations:

Mineral Acidity as CaCO3 in mg/L =

[Volume of NaOH (A)xNx50%x1000)/Volume of sample]
Phenolphthalein Acidity as CaCO3 in mg/L=

[(Volume of NaOH(B)xNx50%1000)/Volume of sample]



Total Acidity as CaCO3in mg/L =
[(Volume of NaOH (A+B) xNx50x1000)/Volume of sample]
IAUTATT:
o iAol 31Faldl CaCO3%F & H mg/L = [NaOH &T #mET (A) x N x 50 x 1000)/3?!3 $r
HET]
o ThalewaTeld 3Feldlr CaCO3 % & & mg/L = [(NaOH &r &mar (B) x N x 50 x 1000) /
dHA S A

« T IFAAT CaCO3F & F mg/L = [(NaOH & AT (A+B) x N x 50 x 1000) / Hs
Fr FATAT]



Experiment No. - 5
Alkalinity (&T=rn)

Objective: Calculate hydroxide, carbonate and bicarbonate alkalinity.
3CCRY: BISSIFASS, Flefde AR rgardiee SRTAT dI I0TAT Y|

Theory:

In natural water, alkalinity is due to H>CO3 (CO2 dissolved in water). Alkalinity from other
materials is insignificant and may be ignored. In polluted waters, minor amounts of NH3 and
salts of weak acids such as borate, silicate, and phosphate (i.e., the conjugate bases of HBO3,
H4S104, H3PO4), and organic acids will contribute to alkalinity. Alkalinity of water is its
quantitative capacity to neutralize a strong acid to a designated pH. In other words, its ability
to maintain a relatively constant pH. The possibility to maintain constant pH is due to the
hydroxyl, carbonate and bicarbonate ions present in water. The ability of natural water to act
as a buffer is controlled in part by the amount of calcium and carbonate ions in solution.
Carbonate and calcium ion come from calcium carbonate or limestone. So, water that comes
in contact with limestone will contain high levels of both Ca++ and COs> ions and have
elevated hardness and alkalinity. Alkalinity is significant in many uses and in treatment of
natural acid and wastewater. It is significant in determining suitability of water for drinking as
well as irrigation purpose. The titration Experimental Procedure can distinguish two types of
alkalinity, that is, phenolphthalein alkalinity and total alkalinity (methyl orange alkalinity). The
phenolphthalein alkalinity is the acid-neutralizing power of hydroxide and carbonate ions (OH
and COs %) present in the water sample, while total alkalinity represents all the bases in it (OH,
COs % and HCOs °). The titration Experimental Procedure for alkalinity is exactly the opposite
of the Experimental Procedure for acidity. Two same indicators are used but in the reverse
order. The Experimental Procedure utilizes the first indicator, phenolphthalein, to signal the
end points (pH 8.3) in titrating OH and CO3*". Further titration with H,SO4 reaches the end
point of the second indicator (methyl orange) at around pH 4.5, which measures the total
alkalinity. Note that the pH for the colour change is not at a fixed value, but rather a range, that
is, pH 3.1-4.4 and pHS8.0-9.6 for methyl orange and phenolphthalein, respectively.

WThfcieh STof # TR HoCO3 (Ul & Hell COz) o hROT gl &1 3= ArATIGr @
T o0y § 3N 0 Ao3iars forar S Heval §1 Wgid Stel #, U8 AT A
NH3 3R FA=R s S aRe, @fase 3R wiekhe (I, HBOs, HaSi04, H3PO4 &
T 3MUR) R FEfAE e amdTar 7 derere &3 el i &R T At
s A [Afése diver de 93T i T ST AACAS &THAT B gER Usar H,
et R T S0 T@el T SHHT &TAAT D" @ R =0 @ Hi
GHTGSAT 1t H HlS[g grsgiiadd, Heieic AR SS@Eee 3 & HROT g ¢l
T & ® H F HA T Ipider STl H &THaT HRe &7 @ 8l # HferaA
3R FEfae 3t & AT F HIET g 81 Frefae 3R Sierad 3 sfewad




Frelae T YAT GeAX & 30 g1 @, Tl Ie o FUh A T Tl Ieit & Ca++ 3R
CO3% ATIAT & 3Td TR RN AR FoRAr 3R eRTar i 310 gl aaar &3
39N AR I 3ol 3 3Ofse o & 3R # Agcaqul g1 Ig I & |ry-
a1y g gAstlr & faT gl i SugFaar AURT F A Fgcaqol &1 AT
U UfhaT & YR T SRIAAT &l 3T HT Thdl g, AT, haramafosT
&I 3N T &TRITAT (AU 3RS &TRFAn) | eAtahdfoe aR™dr a=i &
J A HAlGE gssieass R @Efde 3 (OH 3R COs?) #r vfas-Asa
HA AT AfFT 8, ST FHor &TTAT sEH F@lr IMURT (OH, COs* 3R HCO3)
sfafafica e 81 amdaar & fAv seqArdsr yrafates ufsar seerdar & foe grifas
afshal & ool AUl &1 & THET Hehclohl T YT fohdT SITaT & fehet faoliet
e H| RS ufhar OH 3R C0s* & Jgame & 3ifde g3t (fea 8.3) &
Hohd & & foT gga Tohae, Rt AT &1 39AeT T §1 HS04 & IT 31T
SATIS ST pH 4.5 T g@ Heherah (FAUsel 3iEeT) & 3ifae g aw agaar ¢,
S el &TRIACT Y AT g1 &F1T & foh T aRadel & fav dieg v A &
R Agl &, dfod T AT W g, I AT 3RS 3R rarewdfosT & T swaern:
pH 3.1-4.4 3K pH 8.0-9.6 g

Reagents:

e (.02N H2SO4: 3 mL. Conc. H2SO4 in 1 L deionized water to get 0.01 N H>SOa.
Phenolphthalein Indicator: Dissolve 0.5 gm of Phenolphthalein Indicator in 500 ml
95% of ethyl alcohol. Add 500 mL distilled water.

e Methyl orange Indicator: Dissolve 0.5 g of Methyl orange Indicator & dilute to 1000
ml with distilled water.

fAFHS:

e 0.02N H2504: 3 uwATG| df&cd. 0.01N H2S04 9ed &t & fow 1 @fex
fa3maeiiea et & H2504 STel| BeilehATleT Hehcleh: 0.5 ATH BeilethAferst
Hehcleh T 500 fACelicT 95% Ti¥ST fewhigel & ©lel| 500 THTS YA STel
Tl |

o TAUSA A ey 0.5 TH AU IR e &1 urel 3R 31gd
ol & @1y 1000 fAeeleX deh Idel Hi|

Experimental Procedure:

1. Take suitable volume of sample (25, 50 or 100 mL) in a conical flask.
2. Add 2-3 drops of phenolphthalein indicator.



If the sample turns pink in colour, then titrate with 0.02 N H2S04, till the pink colour
disappears. Note the volume of acid required as (A).

If the pink colour does not exist it indicates that, phenolphthalein Alkalinity is absent.
Then continue the titration with Methyl Orange indicator. Methyl Orange Alkalinity

. Add 2-3 drops of methyl orange to the same flask; continue titration till colour becomes

orange. Note down volume of H2SO4 consumed as ‘B’.

S.

No. | Volume of Initial Burette Final Burette | Volume of H>SO4
Sample (ml) Reading (ml) Reading (ml) | (ml) used

IR NEICRCIE I

l.
2.
3.

Calcu

Ueh BTHR FARD § SUgad HET H G (25, 50 T 100 THUA) o |

i amafer Sfehar ot 2-3 §¢ el |

e T BT T I[aTe 81 ST €, <l 0.02 N H2S04 & W1 AT &, 5d deb foh
TdTS X e 9 81 S| 3TaR® TRIS & 61 &l (T) &b &4 T HIc B |

gfe; Terret 1 Hivle T & oY U8 Sf1d B & 3, e emadr squikid
g1 TR TS d SIS Yohdd & ATy I STRT ¥ | frirgd S amdiad

I iR H fHUEd 3RS &t 2-3 d¢ A I AR g1 db SHuH SR X |
H2S04 &1 WUd &1 AT I 'B' & ¥U H HIc B |

lations:

Phenolphthalein Alkalinity as CaCO3 in mg/L =
[(Volume of NaOH(A)xNx50x1000)/Volume of sample]

Methyl Orange Alkalinity as CaCO3 in mg/L=
[(Volume of NaOH (B)xNx50x1000)/Volume of sample]

J[UTAT:

THSI/TT H CaCO3 & T H BheAlenhAfold &RITAT =
[(NaOH(A)xNx50x1000 & 3Icel)/aHa T TAc]

fAarse 3RS eTRFAr CaC03 & §T H mg/L=
[(NaOH & 3IceT (B)xNx50x1000)/7HA &l ]



Experiment No. - 6

Turbidity @SS
Aim

To calibrate and standardize Nephelometer and to determine the turbidity of a given water
sample.

3T
AW AHICR (Nephelometer) T biIsie 3R AT IHRUT BT 9UT Ueh 3T 7T Ut & T

oI efdTS (e &1 RuRo &l

Outcome
Students will learn the use and working Brief Theory of Nephelometer and will learn how to
calculate turbidity of water samples.

gfvomd
BET DI AHAHIER & SUTNT 3R BT &I THI BT 3aR QT 3R 9 Ut & T Bt
eSSt (NTU) B 0T 31 RAT |

Theory

The Nephelometry method is based upon a comparison of the intensity of light scattered by
the sample under defined conditions with the intensity of light scattered by a standard
reference suspension. The higher the intensity of scattered light, the higher is the turbidity.
Readings of the Nephelometer are given in Nephelometric Turbidity Unit (NTU). A primary
standard suspension is used to calibrate the instrument. A secondary standard suspension is
used as a daily calibration check and is monitored periodically for deterioration using one of
the primary standards.

Rrsia

A fafd 37 A & Faar b SMUR TR HIH BT &, O T gRT URHIRG
TR & foret Bt 2, 3R I8 e T Tar aeie gRT foest g% A9 &t e
Y e e SiTer & 1 T aifeies foad) g% AR, S siftres efeffect (¢feremom) g
g1 AR ¥ U IS B Abanfee «fdfEd gfae (vru) A A9 B
wuaﬁ%ﬁﬁzmﬁ%%ummmﬂ@mmmmm%

AHS G BT ITANT P SIS b P foru fpar Srar 8, 8ik 38 IHy-IHY TR
T U A & A1 I TR &1 ST 8|

Apparatus
Nephelometer

IUHUI
o AT

Reagents
e Dissolve 1.000 g hydrazine sulfate [(NH2)2 « H2SO4] in filtered water and dilute to
100 mL in a volumetric flask.



e Dissolve 10.00 g hexamethylenetetramine [(CH2)6N4] in filtered water and dilute to
100 mL in a volumetric flask.

e Mix 5.0 mL of hydrazine sulfate and 5.0 mL of hexamethylenetetramine solutions in
a 100-mL volumetric flask and let stand 24 hours at 25 + 3°C; dilute to the mark and
mix. To prepare 500 mL of 400 NTU standard, mix 25 mL of the reagent solutions in
a 500-mL flask, dilute to the mark, and mix.

e For a40 NTU standard, dilute 10.00 mL of the 400 NTU stock suspension to 100 mL
with turbidity-free water (sample or deionized water passed through a filter media of
0.2 mm).

TATYA (Reagents)
1. BISQIf U&the Uid:
o 1.000 UTH TSI T&BC [(NH.). » H.S04] & fhees Ul H €id 3fR 39
100 i ft. 9% U dicgic® TR H Uaa He|

2. FHETHYTSHFCSI Uid:
o 10.00 UTH SFUTHYUTZECIEA [(CH.)sNs] & fhees Tl H €id 8fiR 30
100 S, b U dicgRficdh TRy § Udall e |
3. 400 NTU HF® 919 99R T
o 5.0 R EESIoM Tethe 9id 3R 5.0 it off. RUTS eI 9idt &l
100-fi1.<ft. diegAfesd T H FAATHR 24 Hd & folU 25 + 3°C TR @ST @A
31 R 38 AT & (I e uden oY 3R fAfda &L
o 400 NTU " o ford 500 el § 25 1.l Yoie aiet framy, | o A=
e ada B 3R fAfdd H|
4. 40 NTU U 919 99R BT
o 400 NTU ¥i® JXUIE H ¥ 10.00 . BT 100 F.af. d cfafedl-gaa
O & uae &% (ST 6 T O feagss ur, 59 0.2 forft fheex
Hifear I U foear T 8l

Experimental Procedure:
(A) Calibration of Nephelometer
The calibration of Nephelometer can be done using the following steps:
1. Switch the turbidimeter on and allow it to warm up.

2. Check instrument focus: insert template in the cell holder. The lamp image
should just fill the inside circle.

3. Draw out the sample cell from the Nephelometer and hold it by the rim not
beneath the lip.

4. Pour the deionized water into the sample cell and wipe out the exterior with a
soft dry tissue paper.

5. Using Set Zero dial calibrate the instrument to Zero.

Next, pour the standard solution into the sample cell and wipe out the exterior
with a soft dry tissue paper. Place the cell in its holder with correct orientation.



7. Select the desired NTU range dial of the Nephelometer and rotate the
calibrate dial of the Nephelometer to match the digital reading exactly with the
preset range.

&. The instrument is now calibrated.

9. The Sample cell can now be filled with unknown sample to measure the
NTU. Calculation

The NTU of Diluted sample can be calculated using the following formula:

Where,

NTU = A x (B+C) / C

A =NTU found in diluted sample,
B = volume of dilution water, in milliliters, and
C = sample volume taken for dilution, in milliliters.

U ufshar (Experimental Procedure)
(A) B aATHeR T Hiee=E
AHATHICR BT BicTSRH FHferied TN gRT o o I &

1.

2.

A% arHiex B A B 3R 38 TH 5 & L BT < |
U3 ©1 Bied oid:
o THICIC &I A BItex H STd | o &1 BT Bl I3 aRE ¥ 3faR & MAThR &
T WRAT A1
AT BIRTDT B! IR P14

o AhAHIeR I THAT BT o1 d1eR e ok 39 K1 ¥ uehg, 7% oy
1

AT HIfRreT § fEaATgss Ul W 3R SR & S8l e &1 Ue gard
et oy TR @ Ui T |

Y[ Hieree B
o AT HRY SA HT IUTN TR T B! Y R biarsic i
A O ST

o TG cfafSdl Uid (S 40 NTU) B THAT HIRIHT & St 3R T18<1 '
DI T It o TR T Ui o | HIfRhT 1 gt aiieh I giess 9 |

NTU ¥ S19d gH:

o hdHIeR & TR MY NTU IS ST &l T HY 3R Hfersic STA B
g [&foTea AT &1 ke 391 ¥ faepa ad S|




9. A BT URIEOT:

o 3fd, TEAT BIRNBT T A TLAT U NTU HIYH & T AthelIHier &1
JUIRT DY |

NTU &1 TUET
i T P Sy fopdl AT 8, A NTU 1 TTUMAT FEfiRed 93 4 &1 5 It 5

NTU=Ax(B+C)CNTU = A \times \frac{(B + C)} {C} NTU=AxC(B+C)

A4

S
o A=3SECS T U U T—INTU
« B =SSR UM &1 qET (FBrciieilex o)
e C=SRgRM o fort foram T =g am (fefieiiex o)

Observationa:

Sample Turbidity ( NTU)

ﬂ'd%&I'UT :

AT efdf&dl (NTU)

Results:

giorma:

Home Work



Q1. Write down the environmental significance of measuring turbidity of water samples.
Q2. Why turbidity is important in “filtration" and “disinfection" processes?
Q3. Discuss why turbidity in general cannot be correlated with weight concentration of

suspended matter in water samples?

TePT:

Q1. U & TAT 1 efeifeet Arm o1 waieruiig Aga 182

Q2. "fheeem" 3R "fEuRtharM" uftharafi & cfdfed! &1 mga &i 2

Q3. YHEd: R efafec! &I (Hdfad Uardf &1 YR igar & Hafid g1 foan off 9ahdl g2



Experiment No. -7

Chloride(FaRTS3)

Aim: To determine chloride ion concentration in a water sample.

38T : TH Tl & A7 H FARSS AT T Hgdl 1 URT Fe & o]

Outcomes: Students will learn to measure the chloride concentration of water samples.

RO T 9l & Al F FEANISS Higdr S AT dda|
Theory :

Chlorides are present in water usually as NaCl, MgCl2 and CaCl2. Although chlorides are
not harmful as such, their concentrations over 250 ppm impart a peculiar taste to the
water thus rendering the water unacceptable for drinking purposes. By Mohr’s method,
chloride ions in a water sample (neutral or slightly alkaline) can be determined by titrating
it against standard silver nitrate (AgNO3) solution using potassium chromate (K2CrO4)
as anindicator. The pH should be in between 7-8. At higher pH, silverions are precipitated
as silver hydroxide. At lower pH, potassium chromate indicator is converted to potassium
dichromate (K2Cr207). Mohr's method is based on the precipitation titration in which
silver nitrate solution is released from the burette to the water sample which contains
chloride ions and indicator. The silver ions (from silver nitrate solution) react with chloride
ions (from water sample) and chromate ions (from indicator) to form white precipitate of
silver chloride and red precipitate of silver chromate. The following reactions depict the
detection of chlorine.

Ag' + Cl— AgCl (White Precipitate)

2Ag" + CrO,* —Ag,CrO* (Brick Red Precipitate)
IGCCIGE
FARMES AHAAR W g & NaCl, MgCl2 3R CaCl2 & &9 & 3978Ud &I &1 gTelifeh FARISS
gifaeR® 18l 8Ia, afthed 250 fiva & 31 Figdr Tt F v AV Tare srer §, S
arell 91t & T 3redienrr g1 ST 81 HigY @ fafer g@nT, arel & o (deey ar A1g eTR)
H FARTSS e &1 AURoT A 9idr Agee (AgNO3) FAT & f@ems qidfRgs wide
(K2CrO4) T Heohdeh 3TN ek [T ST T gl ATT 7-8 & &g glar aifgu| 3T divg
T, AT & 3T X & gIBsass & ®7 H 3afacd gla &1 @ divg uT, aiefs e
Hohdeh I MERTF sBAc (K2Cr207) & aRafda frar srar &1 A i [ sragioor
TBLRA W MR g, s Aidy Agee AT &t sqC 8 Ul & A7 A 815 f&ar srar



g, TTHH FoIRSS 31T 3R Tohde &IAT g1 dIET & 3T (AT ASee AT H) FoARISS
AT (W & AT §) AR Fie 3T (Fhde @) & Y gfafhar ad & AR Ti@dr &
FARTSS T Tihe, 37F8TT 3R IET & PAT & ol 3T Fd & Aeafai@aa wfatrand
FIT T IgT S AT &

Ag* + Cl” — AgCl (dthe 31a@8iT)

2Ag* + CrO,>” — Ag,CrO, (¥ el 3798id)

Apparatus

Burette, conical flask, pipette, measuring cylinder.

SYRIOT:
SYIT, AFATHR FellEeh, UIgUT, AT dell f&eisT|

Reagents
e Standard silver nitrate solution ( N/50),

e Indicator potassium chromate solution.
THT oA

o HIAH TET Agee FATHTA (N/50)
o Tohde TICTATH HIHC JATUA]

Calibration:-

Transfer 25 ml of the distilled water in a conical flask and add 3-4 drops of indicator
potassium chromate solution. Slowly add standard silver nitrate solution from the
burette and shake the solution well. At the end point, light yellow colour starts changing
to red colour. The titration is repeated until a concordant volume is obtained. The blank
correction for the indicator should be subtracted from the volume of the titrant obtained
after titrating the with the unknown water sample solution. Let us consider the titrated
volume as (V1).

Hiaaere:

25 fAEN. YA STe &1 AR Folleeh H STl 3N Hehcleh NERAIA AT FATUT & 3-4 9
STel| ST A AeAeh AT ASee AT HR-E s7et AR FATLT 7 3reedt TRe e | 37 Toig
X, gl Tl T ol 9T H dgoled o9l g1 de deh CIS¢elel I GIgdl Il & Sid deh Ueh
GHIA AT IIed #6181 STl Hehcleh & [T g UR & 38 AET § €T ST =AMGT ST




HATT Il & FAH & FATUT & WY 3¢ Fd AT Ired i 75 A7) g ergee i AT
(V1) AT B

Procedure

e Take 50 mlsample in a conical flask. Measure sample pH (to check for acidity or basicity
of the sample, this step is optional).

e Add 1.0 ml of freshly prepared indicator solution of K2Cr204.

¢ Titrate with standard silver nitrate solution until the brick red precipitate appears. This
stage marks the end point of titration and note down volume of titrant used. Note the
difference of volume as (V2). Find the actual volume (V) of titrate used using: V=V2- V1
equation.

afer:

o 50 fA.SN. FHAT AFAHR FolTEd H of| dHA T GOT AT (FH T 3Felar A1 &Tar
Fr T 6T & [T, Ig HeH dhiods o)l

e K,Cr,0,%T 1.0 .. delr SRR Hehdeh FHTUT 3ol |

o T o 38T WS ¥ d AAS dET Agee TATUA & TTY TS Y| Tg AT
TR & 3 &g &1 gifdr §; ersde f AR e HY AT T HR (V2) F &9 7 A
FL| 3TN F 7S ersee Hr ardfas AT (V) Feprel: V= V2 - V1 GHIROT FHT 39A0eT
Hh|

Observation

S.No. | Volume of Initial Burette Final Burette | Volume of AgNO;
Sample (ml) Reading (ml) Reading (ml) | ( ml) used

SHATE | FAH T AT (FAR) | IR sqRe | 3ifaH sg¥e 39T AT TS
{fFar (@Feh) | §fser (@) | AgNO3 & &AmEr
()




Calculations:-
Chloride lon Concentration (mg/L) = (AxN x35.45) x1000 /V sample

Where, A = volume of titrant used, N is normality of silver nitrate (here we used
N/50 or 0.02 N), and Vsample is volume of sample used (mL).

ITUTAT:

FARTSS 3T digar (Aa/eiel) = (A x N x 35.45) x 1000 / Vsample

S8, A = 39T Y 315 ersee I AT, N TiEr A1see H AHIAT & (T8 g5 N/50 a1 0.02
N T 39T o), 3 Vsample 3u1er &7 918 7 & AT & (FA.)|




Experiment No. - 8

CTILG|

Hardness

IERY: T & YA B S Rdl BT YR BT

Aim: To determine the hardness of a water sample

e & uome: S UMt & T &1 o R &1 AT SRa T | e Rigid @i o fas
A AU YA Bl & | A TS I &0 9 U H o oo 3R HHifRaw SiaHi &1 Jufkyfa
& HRUIBI S | U B o IR Sgaareh U ST, o U 3 fguaielt Caz+ 3R Mg2+
& HRUTEIA 8 | HUMI 3R Thadarelt 41T S Na+ 3R K+ B3 Rdl H INTEMH Tg] $Rd
8| HOR T TR 3R S Ie=al § STaNT & forg It &t Sugaddl &1 Ufded © 0 4
guIfad #RaT g | fe 310 9gd TS chiekrad SR HitfRrad daul are I & W A g,
I 3TUP! T8 THWT 8 Tehall & | GHIHRT 1 3R 2 afiId HoRdT &l TR B & |

Ca2+ (aq)+ 2HCO3- CaCO3 (s) + H20+CO2. (1)

Mg2+ (aq)+ 20H (aq) > Mg(OH)2 .. (1) (2)

BTl HSRAT 4TI P BRI Bl 7, A 3B Tl PlaC (SRR 3R R-Pratie
(RITH HSRaT b Ty H +ft B S bl B BT HSRAT BT dIdd °id H HIEHC 3R
SREEHE St AET ¥ g O Iaaex gern a1 3aafiq faar o godl 81 39 UHR Bt
HARATTH U1 & U8 3R Fdeht H Wrd & ofH1d & fod RrAeR Bl 8 | 516 $df Ho Rl
TS U ¥ CaCO3 & U H Fad 1 &RITdl 4 I it &, o &RITdl & sR1aR
HSRAl P HE B BIEC HARAN BT oIl ¢ | 9Td B Rl WATHD U 1 Hof &R
J HH & R Bl &, I TH FSRAT BTEHC HSRAT Bldll 8| CaCO3 & ¥U H oad
SRITAT ¥ 31 HERAT Bt AR TR-BTEHC HSRAT| IR BT HSRAT Hethe, FARZS
TAIZCT & 1Y HSRAT Ual H- aTel YT & JSTd o HRUT Bl 8 SR 38 "R FHo Rell”
HETATR | ST UDBR Bt HARA DI STTABR g2 Ta! [T oI YehlT | HA R Bl &R fUf
7 eDTA faf¥ gR1 Feffed faran ST 8; EDTA 3R 39 ST @90 $ U] 3! & T
AN dhalcs HIca 9 gid § o fos fafafad ufaferar o iiamar mar g

M2 + EDTA [GH. EDTA] BIFRId.....(3)

SIRTTH AT 3R EDTA & &g UfafshaT had I pH W BIdl 8; SIIT, T Ot fSrgenT
pH fRR 10 8 (T TR HRI ST &) 1 Ut b T H Fama ST | TR | &b &, T




YT 3T e, HTIYANT 3ifaH foig o ¢ & fere forar smarm | eRap i i & (3aid)
(T T 61 Ue) T8 3™ & fole U Ip Y Yobde & U H B Rl g fob Guft o Ra
3T BT SUHNT o HaT T 81 5 eIt Bt U AT B Uigg> 10 9T HSR Tl A
T SITaT e, O a8 HHNIR Sifed ST (Ag--dTd T Uid) §71H & fAI Ca2+ 3R M2+
3! & AT FIAHR HTH HRl ¢ | AIRH-ATd BHIAIa S aTdl Ca2+ Jad Oid H Hohdd

B! UIS AT STl STl B |
MZ?++ EBT [M.EBT] HIKIN].....(4)

3ifay fofg aa STa fara SiTem Sfa 5@ aret oY =ia g1 oime, S e=ifar g f EpTa A Uit &
T U B iR Sl & Y UfAfhaT &1 8 | S YT H 34 Hie’gH HIai-e (CaCO3)
&I Tded & A | ST 3= O & T &1 A6 SR U & T B it Biekram & 9y
Ufdfehar B o ol ITIHTA fhT T EDTA Od &t AT (THUA H) Bl ATTHR 30 T &
T Bt HARAT BT YR B T G g |

Learning Outcomes Students will learn to measure the hardness of the water samples.
Brief Theory All-natural waters have salts dissolved in them. These problems are caused
mainly by the presence of calcium and magnesium ions in the water. Water hardness is
caused by multivalent metallic cations, primarily the divalent Ca2+ and Mg2+. Anions

and monovalent cations such as Na+ and K+ do not contribute to hardness. Hard water
adversely affects the suitability of water for uses in domestic and industrial purposes.
You may have experienced this problem if you have taken a bath with water that
contained too many calcium and magnesium salts. Eq. 1 and 2 present the respective

hardness.
Ca?" (ag)+ 2HCO®* CaCO83 (s) + H,O0+CO................ (1)
Mg?* (ag)+ 20H" (aq) 2 Mg(OH)2.. (1) ceeeeeeennns (2)

Although hardness is caused by cation, it may also be discussed in terms of carbonate
(temporary) and non-carbonate (permanent) hardness. Carbonate hardness refers to the
amount of carbonates and bicarbonates in solution that can be removed or precipitated
by boiling. This type of hardness is responsible for the deposition of scale in hot water
pipes and kettles. When total hardness is numerically greater than that of total alkalinity
expressed as CaCOg, the amount of hardness equivalent to alkalinity is called carbonate
hardness1. When the hardness is numerically equal to less than total alkalinity, all
hardness is carbonate hardness. The amount of hardness in excess of total alkalinity
expressed as CaCOgs is non- carbonate hardness. Non carbonate hardness is caused by
the association of the hardness- causing cation with sulphate, chloride or nitrate and is
referred to as “permanent hardness”. This type of hardness cannot be removed by boiling.
Hardness is determined by the EDTA method in alkaline condition; EDTA and its sodium
salts from a soluble chelated complex with certain metal ions as shown in following
reaction;



M2*+ EDTA - [M. EDTA] complex ........ (3)

The reaction between calcium ions and EDTA only occurs at a high pH; therefore, a
solution that has a constant pH of 10 (called a buffer) will to be added to the water
sample. Eriochrome black T, a metalion indicator, will be used to visualize the endpoint.
Eriochrome Black T (EBT) (blue colour solution) serves as an excellent indicator to show
when all hardness ions have been consumed. When small amount of EBT is added to
hard water with pH>10, it combines with Ca2+ and Mg2+ ions to form weak complex ions
(wine-red colour solution). A small amount of indicator is added to the solution
containing the Ca2+ forming a wine-red complex.

M2* + EBT = [M.EBT] complex....... (4)

The end point will be indicated when the original red solution turns to blue indicating that
the EDTA has reacted with all the calcium ions in the water sample. In this experiment
you will measure calcium carbonate (CaCO3) in ppm. You will be able determine the
hardness of your water sample by measuring the volume of your water sample and the
volume (in mL) of the EDTA solution used to react with all of the calcium in the water
sample.

Apparatus Burette, Pipette, Spatula, Dropper
fmHSI

« TSI CITdCH TRTS (EDTA).

« GITE 10 BT IHR FHYT.

« TRAIBIH &ID ¢

Reagents

e Ethylenediaminetetraacetic acid (EDTA).

e Buffer solution of pH 10.

e Eriochrome black T

Ut ufsear

1. YBIHR FARD B 50 THIA AT of

2. T GIR BT IGIN] B YHTHR FIRD T pH 10 THR Ul B HS §¢ STl |



3. WA B YN TR, TR U U gedh! 3fSdhex URUNH I &idh < (USSR & &4 H)
SEIRIGEIRUGIGE ST

4. ST P ATH B 3R ITH EDTA T R U1 RN A Rebis B |

5. fae Y EDTA & 1Y Td T AU DX Sl deh fob faeig 1 1 a1 I Aien A 81
Y, SgRC 1 3T M- Rebis ® 3R HARAT B! TUHT & g T T8 G &1 3|

Experimental Procedure

1. Take 50 mL sample in a conical flask

2. Using a dropper add few drops of the pH 10 buffer solution to the conical flask.

3. Using spatula, add a pinch of indicator Eriochrome black T (in the form of a
powder) to the flask. The colour of the solution will be red.

4. Clean and fill burette with the EDTA solution and record the initial volume.

5. Titrate the solution with EDTA till the colour of solution will changed from red to
blue, record the final volume of burette and put in the given formula for
calculating the hardness.

3[aATH dTferanT:
.9 T Bt URIUS | 3ifdd  ee | Tad NaOH
HET e | ST @aTe) | FHaEn
(THTA) RlIEL|
(THT)
Observation Table:
S.No. | Volume of Initial Burette Final Burette | Volume of

Sample (ml) Reading (ml) Reading (ml) | NaOH used




CaCO3 & TR Ho Rdl (eum/ieR) =

(STFHIUA H UYdd EDTA T UHU x 1000 foomett yold '-Hj\:I [ THU
Calculations

Hardness as per CaCO3 (mg/L) =

{mL of EDTA used in titration x 1000 mg/L }/mL of Water sample




Experiment No. -9

Jar Test(9IR 94&Tom)

Aim

To calibrate and standardize Nephelometer and to determine the turbidity of a given
water sample.

e

Al HAeT AT SHfetsle 3N AThRT Fe AR QT a0 el & Ty H aigenae (Sfasd)
freaRor )

Outcome Students will learn the use and working Brief Theory of Nephelometer and will
learn how to calculate turbidity of water samples.

gfRome

BT AhalHe & 39T 3N FRATAT w1 FAEsi 3R a6l & AT T acendsT S A0 Hlr
qrEan|

Theory The Nephelometry method is based upon a comparison of the intensity of light
scattered by the sample under defined conditions with the intensity of light scattered by
a standard reference suspension. The higher the intensity of scattered light, the higher is
the turbidity. Readings of the Nephelometer are given in Nephelometric Turbidity Unit
(NTU). A primary standard suspension is used to calibrate the instrument. A secondary

standard suspension is used as a daily calibration check and is monitored periodically
for deterioration using one of the primary standards.

Reea

~

ABIALT ATt e garT aRenfya aRTETAr # faehioT (Fhex) wehrer 1 cfigdr & Jefell T
HATeTeh TG folciast garT faehIoT gerrer & digdr & T gl

o foael 3ife fadhIoT geprer i Maar gl sigendsT 3dar € 3feew g
o AhclHeT @ fSew araARR® fa4fFd gfae (NTU) & & e €
JATHA ATAS:
1. WgfA% A=® fAees (Primary Standard Suspension): 3UaRUT # Hfase el &
o 3uer fRam ST



2. gfada® AeE fAsas (Secondary Standard Suspension): &fa& &farsierT ST &
fore 3uter fRar St @ 3R sEH U f ST @HEI-HAT W OOARE AR @
3T ek HI ST gl

Apparatus

e Nephelometer
39T

o AhAIHIY
Reagents

e Dissolve 1.000 g hydrazine sulfate [(NH2)2 ¢ H2SO4] in filtered water and dilute to 100
mL in a volumetric flask.

e Dissolve 10.00 g hexamethylenetetramine [(CH2)6N4] in filtered water and dilute to 100
mL in a volumetric flask.

e Mix 5.0 mL of hydrazine sulfate and 5.0 mL of hexamethylenetetramine solutions in a
100-mL volumetric flask and let stand 24 hours at 25 = 3°C; dilute to the mark and mix.
To prepare 500 mL of 400 NTU standard, mix 25 mL of the reagent solutions in a 500 mL
flask, dilute to the mark, and mix.

e For a40 NTU standard, dilute 10.00 mL of the 400 NTU stock suspension to 100 mL with
turbidity-free water (sample or deionized water passed through a filter media of £ 0.2
mm).

FAwHA+F (Reagents)

1.000 ITH BISSTeieT Tethe \u00a0(NH2)2¢H2SO4(NH2)2 « H2S04(NH2)2¢H2S04
F fheed frT 1T gl & gl 3k 100 mL & gder i)

e 10.00 IMH FFAAANT AT \u00a0(CH2)6N4(CH2)6N4(CH2)6N4 I fheeT
fpw aT gl &7 gl 3R 100 mL & gder ¥

e 5.0 mLgEgea Fethe R 5.0 mL gFaARIT SgrATSs el & 100 mL diegAfes
FollEh H [HTT|
o THHUT &I 24 G¢ 25+ 3°C R W IH; AT & Idell e AR AT

e 400 NTU ¥T HFRIT & 10.00 ML 100 mL T Figerdel Had el (s a1 0.2
Al & Fa ey M3 A IERT B3NAges T=) & AT Idel H|



Procedure

Calibration of Nephelometer

The calibration of Nephelometer can be done using the following steps:
e Switch the turbidimeter on and allow it to warm up.

e Check instrument focus: insert template in the cell holder. The lamp image should just
fillthe inside circle.

e Draw out the sample cell from the Nephelometer and hold it by the rim not beneath the
lip.

e Pour the deionized water into the sample cell and wipe out the exterior with a soft dry
tissue paper.

e Using Set Zero dial calibrate the instrument to Zero.

e Next, pour the standard solution into the sample cell and wipe out the exterior with a
soft dry tissue paper. Place the cell in its holder with correct orientation.

e Select the desired NTU range dial of the Nephelometer and rotate the calibrate dial of
the Nephelometer to match the digital reading exactly with the preset range.

e The instrument is now calibrated.

e The Sample cell can now be filled with unknown sample to measure the NTU.

gfar
AvaHer F1 Ffowee
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o HTANAT & TG, AT UL & el § YT Fol Y 31 NTU A

Observations

Alum dose,
mg/L

Turbidity, NTU

% removal = (Tblank' T samp[e)x 1 OO/T blank

K CricT)

TAH i
(mg/L)

g (NTU)

sigemast (NTU) | % gerd = [(Tblank - Tsample) /
Thlank




Experiment No. — 10
DO

Aim/Objective - To estimate Dissolved Oxygen (DO) level in the given water
sample by Winkler's Method.
IER: U & A9 F gfera siTeRfter &1 FuRor

A&7 fdper faft gRT faT T urit & A & gfera St (Steil) WR BT S{gHH T |
Apparatus Required —
a. Glassware — Pipette, Conical Flask, Measuring Cylinder, Burette

b. Chemical — Sodium Thiosulphate Solution (Na;S203), Potassium Dichromate
(K2Cr207), Hydrochloric Acid (HCl), Potassium Iodide (KI), Manganese
Sulphate (MnSOs), Alkali-lodize-Azide reagent, Starch, Concentrated Sulphuric
Acid (H2SOy4) c. Instruments — Burette stand, Funnel, Dropper, BOD bottles

STIGD IUPHIUT —
&r.m'ir%a?ﬁ-ﬁﬂaaimlqamuﬂlw,ﬂmﬁwﬁﬁw,aﬁf
¥ IOFe OIfSuH YNdbe 9id(NaS:0s), UIRRIAH  JISHIHE  (K-Cr07),

EB@H@W TRIS(HCI), lﬂ%&mﬂ AMSES (KI), AT Febe (MnSO.), 3fehdil-
ITAISISSI-TeR S N HP, T, Hifad TR TRIS (H2S04)
. SUHRT - T TS, Hd, I1UR, BOD diaial

Theory —

a) Dissolved Oxygen or DO, as the name suggests is the amount of free
oxygen dissolved in the water which can be used by the aquatic life.

b) The solubility of oxygen in water depends on temperature and other
factors. The presence of oxygen is essential for the survival of aquatic life
in water. A rapid fall of DO in river water is one of the first indications of
pollution.

¢) Two methods are commonly used to determine to DO concentration:

1. The iodometric method which is a titration-based method and
depends on the oxidizing property of DO

i1. The membrane electrode procedure, which works based on
the rate of diffusion of molecular oxygen across a membrane.

Winkler’s Modified Method:

a. The Winkler’s Method is the technique used to measure DO in
freshwater structures. It is used as an indicator of the health of a
water body, where higher DO concentrations are associated with
high production and little contamination.



b. This test is performed on-site, as delays between sample collections
and testing may result in a variation in oxygen content.

c. In this method, the oxygen present in the water sample oxidizes the
divalent manganous ion to its higher valency, which precipitates as
a brown hydrated oxide after addition of sodium hydroxide (NaOH)
and potassium iodide (KI).

d. Upon acidification, manganese reverts to divalent state and liberates
1odine from KI equivalent to DO content in the sample. The liberated
iodine is titrated against sodium thiosulphate (0.025N), using freshly
prepared 2% starch solution as indicator. If the oxygen is absent in
the sample, the MnSOj4 react with the alkali to form white precipitate
Mn(OH)s.

e. When MnSOs and alkali-iodide reagent (NaOH + KI) are added to a
sample in the absence of oxygen, a pure white precipitate is formed.
Mn?" + 20H" — Mn(OH), (white precipitate). Mn** is oxidized to
Mn*" and precipitates brown hydrated oxide in the presence of
oxygen. Mn** + 20H- + 0.50, — MnO, (brown hydrated
precipitate) + H20. The oxidation of Mn2+ to MnO: 1is called
fixation of the oxygen, and occurs slowly at low temperature.
Mn(OH),+ 0.502 — MnO; + H20

f. After the floc has settled, sulfuric acid is added. MnQO: 1s oxidized to
produce 12 under low pH conditions. 12 is insoluble in water and
forms complexes when there is an excess of iodide ions in solution,
preventing 1odine ions from escaping. MnOx+ 2I- + 4H+ — Mn2+
+ 12 + 2H20 and alongside 12 + I- <> I3 g. The sample is now ready
to be titrated with thiosulfate solution.
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ii. 59 fafdy A Ut & T Ae Sfiaion fgaee SIS S & SU@! 3
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Procedure —
a. Standardisation of Sodium Thiosulphate Solution —
1. Fill the burette with the Sodium Thiosulphate Solution (Na2S203)
up to the 0 mark with the help of a funnel.

ii.  Now in a conical flask we add around 10 mL of 0.025 N Potassium
Dichromate (K2Cr207) with the help of a graduated pipette, giving
the solution a yellow colour.

iii.  To this beaker and solution, we add around 2 mL of Hydrochloric
Acid (HCI) and 1 spatula of Potassium lodide (KI). This turns the
colour of the solution to a brown-yellow colour.

iv. Now, we titrate this solution against the Sodium Thiosulphate
Solution (Na2S203) till a pale-yellow colour is achieved. Post this
colour, we add around 2 mL of Starch to the beaker turning the
beaker colour to blue. Finally, it is again titrated till the final colour
becomes white.

v.  Finally, using the formula N1V1=N2V2, we achieve the Normality
of the Sodium Thiosulphate Solution (Na2S203).

b. Determination of Dissolved Oxygen of Sample —
1. Fill the BOD bottle with the test sample up to the brim of the bottle.
i1. Immediately after this we add around 2 mL of Manganese Sulphate
(MnSO04) solution to this bottle, just below the surface of the sample.




1. Beyond this we also add 2 mL of Alkali-lodize-Azide reagent to this
bottle similar to above step. This turns the solution to a golden-
brown colour.

iv.  Mix this solution properly by inverting it several times and allow the
precipitate to settle to the bottom by leaving it stagnant for a few
minutes.

v. Now carefully add 2mL of Concentrated Sulphuric Acid (H2SO4).
Again, mix the solution by inverting the bottle several times and then
finally transfer 200 mL of this solution to a beaker.

vi. Titrate this solution against the Sodium Thiosulphate Solution
(Na2S203) till a pale-yellow colour is achieved. Post this colour, we
add around 2 mL of Starch to the beaker turning the beaker colour
to blue. Finally, it is again titrated till the final colour becomes white.

vii.  Finally, using the formula given below we can find the Dissolved
Oxygen content in the solution.

Dissolved Oxygen NpNna,S,023 x VNa>S,0Oz x 8000

. 2 =
(D.O.) asmg/1 Volume of the sample

NNnas>S>05 = Normalof Naxs>03

vNazszo:g = Volume of Naz 5203
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Flow Chart

Titration of

Preparation of ;
e s . . prepared solution
sl sAImpiE solution with and determination

Sodium Thiosulphate the help of a BOD Sfthedissolvad

solution incorporating bottle, MnSQO,, Alkali- e
starch lodize-Azide reagent oxygen content,

and H,S0, incorporating

starch

BOD SIddl, MnS04, 3Tcdholl-
3R H,50, & Ae &
AFAT BT IR el

Observations —
a) Standardisation of Sodium Thiosulphate Solution (Na2S203)



1. Initial burette reading =

i1. Final burette reading =

111. Volume of Sodium Thiosulphate Solution (Na2S203) used =
iv. Volume of Potassium Dichromate solution =

v. Normality of Potassium Dichromate Solution =
b) Standardisation of Silver Nitrate —

1. Initial burette reading =
i1. Final burette reading =
i11. Volume of Sodium Thiosulphate Solution (Na2S203) used =

1v. Volume of Potassium Dichromate =

Results —
a. Normality of Sodium Thiosulphate Solution (Na2S203) =
b. Dissolved Oxygen Content =

c. The acceptable limit of DO by BIS 1s 4 — 7 mg/L. DO of this sample

1s mg/L thus it i1s within safe limits and is safe for drinking

purpose.

6. AP
3. TIfSTH YANIehe °Id (NaxS,03) BT AFDHIHRUT
i. TR &gRe AT =
ii. Sffay =g A =
mﬂmm@%ﬂﬂu@w'ﬁramazszogﬁm_
iv. TICTRIOH SIS IHE Oid &t HET =
v. OICRIIH SIEhIAC Uid &1 JMHFIAT =

9. Ryear A18de &1 AFS Bl
i. TR &gRe AT =
ii. ffad sgRe A& =
iii. STANT fhT U WSTH YrIgehe O1d (Na,S.03) P HE =
ivﬂ%&mﬂswqﬁﬁca’)‘mml =
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Experiment No. — 11
Biochemical Oxygen Demand (BOD)
TANTRITE WART: Sid IErafs sifeRiter 7t (fsiish)

Objective: To determine BOD value for determining biodegradability of solution.

IER: fad B SaFgieuiiad Rufd 37 & R sop 7H Rufid &

Background: The most widely used test indicating organic pollution of both
wastewater and surface water is the 5-day BOD (BODS). This determination
involves the measurement of the dissolved oxygen used by microorganisms in the
biochemical oxidation of organic matter. BODS is the total amount of oxygen
consumed by microorganisms during the first five days of biodegradation.
Oxygen demand is associated with the biodegradation of the carbonaceous
portion of wastes and oxidation of nitrogen compounds such as ammonia.

The following equations simplify the process of biodegradation:

Organic matter + O2 + microorganisms —>CO2 + H20 + new microbial cells
Ammonia + O2 + microorganisms —»NO3 + H20O + new microbial cells

gy

3(UfRTY T 3R TAG! I GHI & HIa-dh UGHUl B ST B3 a1l Tay IS =0 o
ST fopdT ST aTel uteror s-feawita Bop (Bops) 81 39 Myl & srdfae uerdf & wig
A SHTRfHR0T H Gerlal gRT SUTNT @t o= aTelt gferd STeiior &1 Ha i 3|
BODS SId 3{T¥e- & Ugd Uil fal & GRTH Y&Hsial gRT @Ud &1 T8 SATaIo &1 o AE
g1 SIS ) T SURAP & Hla-gad YT & 9 3Tge MR AT S AgereH
MNP & SHTRAEHR0 T Jat 7 | FafRea aHiezor od siqge & Uithal &1 WRd 9414 6

HIED TaTd + 02 + GEASIT > CO2 + H20 + T3 &I d HIRIBIY

S{HIFT + 02 + GEASNE > NO3 + H20 + 715 YEHSIIG BIIRTBTY

Procedure:
Apparatus: Incubation bottle 300mL volume; Air compressor, 20°C incubator
Reagents for DO measurement:

a) . Manganese sulfate solution: Dissolve 480 g MnSO4.4H20, 400 g
MnSO04.2H20 or 364 g MnSO4.H20 in distilled water, filter, and dilute to
1L. The MnSO4 solution should not give a color with starch when added
to an acidified potassium iodide (KI) solution.



b) Alkali-iodide-azide reagent

c¢) Sulfuric acid: One mL is equivalent to ~ 3mL alkali-iodide-azide reagent.

d) Starch solution: Dissolve 2 g laboratory-grade soluble starch and 0.2 g
salicyclic acid as preservative in 100 mL hot distilled water.

e) Standard sodium thiosulfate titrant: Dissolve 6.205 g Na2S203 .5H20 in
distiller water and add 1.5 mL 6N NaOH or 0.4 g solid NaOH and dilute to
1000 mL. Standardize with bi-iodate solution.

f) Standard potassium bi-iodate solution (0.0021M): Dissolve 812.4 mg
KH(IO3) in distilled water and dilute to 1000 mL.

g) Standardization: Dissolve e ~ 2 g KI, free from iodate in an Erlenmeyer
flask with 100 to 150 mL distilled water; add 1 mL 6N H2SO4 or a few
drops of conc. H2S04 and 20.00 mL standard bi-iodate solution. Dilute to
200 mL and titrate librated iodine with thiosulfate titrant, adding starch
toward end of titration, when a pale straw color is reached. When the
solution is of equal, 20.00 mL 0.025M Na2S203 should be required. If not,
adjust the Na2S203 solution to 0.025M.

yfehar:
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Stan 71 & forg sifirpd:
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20.00 THTA 0.025M Na25203 &1 HTGRIHdT gt dIfgWl Afe Tal, df Na25203 i Bl
0.025M TR JHRNTSId B |

Steps:
DO measurement:

1. Make dilution water by adding 2mL/L of following reagents in distilled
water:

a. Phosphate buffer solution
b. Magnesium sulfate solution
c. Calcium chloride solution
d. Ferric chloride solution

e. Sodium Sulfite solution

2. For a given sample bottle, add 1 mL of alkali azide and then 1 mL
manganous sulfate solution. Shake well the bottle and keep it open for 5
minutes to settle the precipitate. Add 2 mL concentrated H2SO4 and place
the cap on the bottle. Shake well the bottle till all the precipitate is
dissolved.

3. Take 203 mL of sample in conical flask and titrate with standard sodium
thiosulfate solution (0.025N) till the colour changes from dark yellow to
light yellow. Then add few drops of starch indicator and continue to titrate
till the color of the solution becomes either colorless or changes to its
original sample colour. Note down volume of 0.025N sodium thiosulfate
consumed.

4. Calculate DO value of the sample. Remember that in 200 mL sample, 1 mL

of sodium thiosulfate of 0.025N equals to 1 mg/L dissolved oxygen:
=>Dissolved oxygen (DO) (in mg/L) = mL of sodium thiosulfate
(0.025N) consumed.
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IS dd STHIYH B3 ST6 b b I TeX Uia ¥ §eob Uldl &1 1 1 gad oe | iR Xerd gfgdher
D FS g SIal R Id I STHIYA SR W O F d b Ui BT JT AT A W 9 g1 S a1
30 gl 1A o T H 7 G WY 0.025N HSTH YRIGh &1 Wud B TET Al 1|

1.4. T &1 DO HH URIId B | T [ fdb 200 mL A H, 0.025N BT 1 mL HiSTH
YRIRTABC 1 mg/L T SHTRIoH & SRR &

->gferd RIS (Do) (Rreuma/ediier #) - @ua 31 715 TSI YrITelhe Ht TATH (0.025N)
BOD:

1. Prepare BOD dilutions. Use dilution water (it contains nutrients, the exact
contents are described in Standard Methods):Blank (only dilution water);5 mL
sample in 300 mL BOD bottle, fill up with dilution water;15 mL sample in 300
mL BOD bottle, fill up with dilution water;20 mL sample in 300 mL BOD bottle,
fill up with dilution water

2. Take 300 mL sample in BOD bottle. Prepare two sets of this sample. Keep one
set for DO analysis for day 0 (i.e., SampleODay) and another sample in BOD
incubator for 5 days at 20° C (Sample5Day).

3. Measure DO in different samples at t=0.
4. Incubate samples in 200C for 5 days.
5. Come back in the lab after 5 days and record dissolved oxygen.

6. Record data in following manner. From table

dianst:

1. BOD @RI dUR H | IR0 STd BT SUTNT B3 (3TH TN dcd B 5, Tcid Ayl
e fafda & afdfa §): el (dhad dgem R0l STd); 300 mL BOD SIAd H 5 mL AT, dI@R0T
S Y HY; 300 mL BOD SIdd H 15 mL HAT, dIHRUT Sid § UY; 300 mL BOD Siddl & 20 mL
AT, TIHT ol R




2. BOD SIGd H 300 mL AT & | 39 T & &l 4T dUR B | T I B! po fazawur & forg
&1 o (@, T 0 f37) & forg T 3R R 1A &Y 20 ST AR (7T 5 fom) wR 5 At
& foTT BOD RIS T W |

3. t=0 R fafld 951 ¥ po Y|

4. A DI 5 T & g 20°c TR |

5. 5 & a1 TRANTRITET & a1 31Ty 37k gferd sfiaio &f Rels B
6. FAfead aie ¥ ST Rl R

diaa . | SURTY @ &1 AT | URfH® 3ten | 5-fR9 W DO (mI) (DO5)
Bottle no. | (ml) (&l?ﬂ'l;m:[ /ﬁz?) DO at 5-day (mL) (DOS5)
Wastewater sample (mL) (@ﬁ\;ﬁ)

Initial DO (mg/L)
(DO0)

Calculate 5-day BOD value of the sample at 20°C:
t-day BOD= [DO«-DO,]/(P) (1)

where P= Dilution factor = 300mL/(sample volume in mL)

20°C TR A &7 5-f&4 &7 oD A uRSTera o
tfe defSi= [Stafi-Sl3fol/(p) (1)

UI6TP= dqPRUN DR = 300mL/(THAT AT dT THIA ﬁ)



Experiment No. -12
Chemical Oxygen Demand (COD)

NS iETe | (Trefeh)

Objective: To determine COD value for determining organic strength of solution
(Closed Reflux Method).

3e¥T: O &1 Sifds Wfed (Feirs Ruaaw) Fuifa s & fou dtsis g
BRIEGEZGIRGRED

Background:

Chemical oxygen demand (COD) is termed as the amount of a specific oxidizing
agent that reacts with sample under controlled conditions and it is expressed as
oxygen equivalence. This parameter indicates the extent of organic matter
contamination of water and is always higher than the biochemical oxygen demand
(BOD). It is used to indicate organic matter contamination and it helps in knowing
overall organic load to the receiving body.

gy

NAH® e A (T1sfieh) ®l Th ARy SRiieu Tolc & AF Hal
orar g Fafa afvfufaat o 993 o Ty ufafeear &-ar g 8k 39 ifRieH
JogdT & =0 § ad fa1 Sd1 g1 98 IR’ UM & dlef-d uerd dguur &l
T B 3T BT 8 3R FHT 3 31 T g S I SHTeiteT AT
(@3NS | TP ITANT e Teref TguuT o1 3T B & fog foam St @
3R 3T Hee fAddl § Uaddl IRR IR IHY Sifdd HR &) ST

Selection of Method

There are two methods for COD determination.

The first method: open reflux method is suitable for a wide range of wastes where
large volume of sample is required (for samples with COD= 50 mg O2/L).

In the second method: closed reflux methods, small quantities of metallic salt
reagents are required and small quantities of hazardous waste is produced (for
samples with COD= 5 to 50 mg O2/L). In the closed reflux method, ampules and
culture tubes with premeasured reagents are used and then samples is placed in the
tube and COD is determined.




In this experiment, closed reflux method is used and samples with COD < 50 mg
O-/L are tested.

[CIRCAERG]

Hranst Fufor ot 3 fafermr 81

a5l fafdr: ofie= Rorra faf 8 SrafRst &t ues favqa ot o fore Iuged et
SS! AR H THA P IRIHdT gl & (1SS! = ard 91 & faw 50 Ao
0,/L)|

ot fafyr 7 s et faftat, uffde e sified®! @ Bl AT 8kt §
3TILIH 3R HH HET H GRS SUTRTY I gidl 8 (Hrefiat = 5 I 50 firefiums
qrel T & fAT 0y/L )| dg Nty fafr &, ga-arfud st o a1y Tiged
3R HeeR TId BT SUANT fhaT ST g fihR T 1 ogd § 341 57Tl § SR diefst
fyffea forar Srar 21

29 TN |, dg HIeT faftr &1 IUanT fohan Sirar § SR et <50 o oL

aTel A B § ORi&or fosan T

Reaction with dichromate solution of sample:
Potassium dichromate is a strong oxidizing agent and it can be used to prepare
solution of exact normality.

CoHaOuNe+d Cr2072 + (8d+¢) H* => nCO, +[(a+8d-3¢)/2]H20+c NH4 +2dCr¥* (1)
Here d=(2n/3)+(a/6)-(b/3)-(c/2)

During experiment, excess dichromate concentration is determined by titrating it
with ferrous ammonium sulfate (FAS). The reaction is given by:

6Fe** Cr,07% + 14 H* => 6Fe® + 2Cr** +7H0 (2)
Here d=(2n/3) +(a/6) -(b/3) -(c/2)

Ferroin (ferrous 1,10-phenanthroline sulfate):

It is used to indicate change in oxidation-reduction potential of the solution and it
indicates the condition when all dichromate has been reduced by ferrous ion. It gives
a very sharp brown color change which can be seen in spite of blue color generated
by the Cr3* ions formed on reduction of the dichromate.




T & S3shIdc JHIYUM b I1Y Ufdfohar:
OIefRry STZhivc Uh Aoled SfaaRul Tuie § 3R IHT STANT Ieie THIHM
TR TR & U foaT S 9ol g =l

CnHaObNc+dCr2072-+(8d+c) H+ => nCO2+[(a+8d-3¢)/2]H20+cNH4++2dCr3+
(1).

g1 d=(2n/3)+(@/6)-(b/3)-(c/2)

TN & SRM, SfARad SEhIHe igdl & By & 1Y STATIH dxd HuUffed
foa ST R 3mfRTH Yetbe (THUTY) | Ufafhar 39 UeR & TS

6Fe2+ Cr2072- + 14 Ud+=> 6Fe3++ 2Cr3+ +7H20 (2)

T&T d=(2n/3)+H@/6)-(b/3)-(c/2)

TRIS (WY 1,10-BUIdrs e e):

ST IUGNT Herfiepur-Ht § uRadH @) fiTd a & forg favar orar @
THTYTT P & 3R I8 39 U P12 o1 g ofd T+t S13hiie & Ty
SR &Y B QAT AT ¢ 3T, T8 Jgd did HY T HT URacH al g o Sad
1o 37 & STaog <\ S Uhdl § SIZPIHC & SUTIT TR Cr3+ 3T §7d g |

Procedure:

Apparatus: Digestion vessels; block heater; microburet; ampule sealer. Borosilicate
culture tubes (16mm*100 mm or 20 mm*150mm) with TFE lined-screw caps are
used. The block heater is required to operate at 150+2°C with holes to
accommodated digestion vessels. Do not use an oven because of the
possibility of leaking samples generating corrosive and explosive
atmosphere.

Reagents:

a. Standard potassium dichromate digestion solution, 0.01667M: Add to about 500
mL distilled water 4.903 g K.Cr.0O7, primary standard grade, previously dried at
150°C for 2 h, 167 mL conc. H2SOs, and 33.3 g HgSO4. Dissolve, cool to room
temperature, and dilute to 1000 mL.

b. Sulfuric acid reagent:




c. Ferroin indicator solution: Dilute it by a factor of 5 as required. This indicator is
used to indicate change in oxidation-reduction potential of the solution.

d. Standard ferrous ammonium sulfate titrant (FAS), approximately 0.10M: Dissolve
39.2 g Fe(NH4)2(S04)2.6H20 in distilled water. Add 20 mL conc H2SO4, cool, and
dilute to 1000 mL. Standardize solution daily against standard K>Cr.O7 digestion
solution as follows: Pipet 5.00 mL digestion solution into a small beaker. Add 10
mL reagent water to substitute for sample. Cool to room temperature. Add 1 to 2
drops diluted ferroin indicator and titrate with FAS titrant. Molarity of FAS solution
= [V K2Cr207x0.1] / (VFAS) (3) Where: V K2Cr,07 = volume of K>Cr207 (mL);
VFAS = volume of FAS (mL)

e. Sulfamic acid:

f. Potassium hydrogen phthalate standard:

PIERIE

SUHRUL: UTeH dlfghly; SAld BIex; AISHhIgRe; THgd Hier. IRINAdbe Hea
g8 (16100 et a1 20 fiedt+ 1 50feh Suws RS- HU & AT I
fpaT ST B | AP BleR ! ATAIHdT § JHITIIG Ure- dTfedbradi & fou ¥g
& 1Y 150+2°C R HATfeId B o {1 3Hia &1 STINT 9 B Fifds THAl b
i B O GRS 3R fawpieed ardrarur Iad 811 &1 GHII 5 |

N HHS:

a) AMP UIcRIH I3hIAC T THIYM, 0.016678H: TIHT 500 THEIA
A 5 | STs 4.903 UM K2Cr207, WYl AFe Js, Ugd 2 °Uc &
foTT 150°C TR g T4, 167 THUA W% | H2S04, 31 33.3 JTH HgSOA4.
Hid, HHY &b YA TP 38T B 3R 1000 THIA b gdall B |

b) TR TRTS M HH®:

c) WIS Yadh JHIYM: I HAIHAIAR 5 & HRPb I Tddl HL| 59
YA BT TN A1 - & o fopan Sran § faeem &t sifafteRur.seit
& H R |

d) AM® Hhy AITH e Trgce (FAS), THIHT 0.10M: 39.2 I Gl
YA oA T Fe(NH4)2(S04)2.6H20. 20 THUE Jig H2S504 Ay, ST
H 3R 1000 THUA A% Gdell &1 | HHS K2Cr207 Ui 91 & favg




Steps:
1.

Y &1 Ufdfdd 39 UHR HPIHd & fUUT 5.00 THIA T BIC
SR T Ora FHYH | A & I W 10 THTA S(feHE g |
SR H ST AUHMA| 1 ¥ 2 §& I BRIz sfedex Han 3R Thuey
agce & 1Y 3THIA B
FAS fa@@ &1 HIeRdT = [VK2Cr207 x0.1]/ (VFAS) (3)
VK2Cr207 = K2Cr207 (mL) &1 3TdH; diUhULY = THUTY & A
(YHU)

e) ehliH® TRTS:
f) UICREaA gRgoH bhydic AM®:

Wash culture tubes and caps with 20% H.SOs4 before using to prevent
contamination.

Place sample in culture tube or ampule and add digestion solution. Carefully
run sulfuric acid reagent down inside of vessel so an acid layer is formed under
the sample-digestion solution layer and tightly cap tubes or seal ampules, and
invert each several times to mix completely.

Place tubes or ampules in block digester preheated to 150°C and reflux for 2
h behind a protective shield. CAUTION: These sealed vessels may be under
pressure from gases generated during digestion. Wear face and hand
protection when handling and dangerous pressures will be generated at 150°C.
Cool to room temperature and place vessels in test tube rack. Some mercuric
sulfate may precipitate out but this will not affect the analysis.

Remove culture tube caps and add small TFE-covered magnetic stirring bar.
If ampules are used, transfer contents to a larger container for titrating.

Add 0.05 to 0.10 mL (1 to 2 drops) ferroin indicator and stir rapidly on
magnetic stirrer while titrating with standardized 0.10M FAS. The end point
Is a sharp color change from blue-green to reddish brown, although the
bluegreen may reappear within minutes. In the same manner reflux and titrate
a blank containing the reagents and a volume of distilled water equal to that
of the sample.

COD is given by

COD as mg/L Oz/L = [(A-B)x M x8000) / (Vsample)  (4)



DhcH:
1.

Where: A = volume of FAS used for blank (mL);

B= volume of FAS used for sample (mL);

M=molarity of FAS; 8000= miliquivalent weight of oxygen x1000 mL/L
Analyze samples in duplicates because of small sample size.

HGHUT B b & oI IUTNT H F U Heak egd 3R HY Bl 20%
H2504 ¥ Y|
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COD &I mg/L 02/L = [(A-B)x M x8000) / (Vsample) (4)

U = Rad I & ot Ygdd THUTy ot UET (THUA);



Sl= T & ol Uged THUTY & HET (THU);
TH=UUTY & AIdRCT; 8000=3{TariTS &1 fHf%d UR x 1000 THTA/TA
AT 3R BICT 14 & BRI A bl af Ufadl H [a=evor S|
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