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Preface 

Methodologies used on quality assessment of water, changes rapidly over time along with 
technological inventions and analytical advancements. Nonetheless, it takes time to accept a new 
technique for sampling or a method of analysis as being a standard method. Meaningful and 
object oriented water quality assessment programmes are at present based on trend analysis. 
Comparison of data is valid only when similar methods are employed. Therefore, it is a 
prerequisite to agree with initiate methodologies during sampling processing and analysis when 
quality assessment programmes are launched by different laboratories. Different methods can 
be used in accordance with the availability of resources and cost-effectiveness. However, these 
techniques and methods should satisfy regional and global standards. 

A careful survey on available literature on water quality in many instances reveal that the 
techniques used in sampling and the methods employed in analysis are not well- defined. 
Several methods have been employed to analyse the same constituent by different laboratories 
or individuals. Use of similar methods is extremely important when precision analysis is 
undertaken for constituents such as trace elements, micro nutrients and organic-residues. 

The number of state, non-government and private sector organizations involved in water analysis 
in Sri Lanka shows a rapid increase today., However, outdoor sampling and bench work are 
always carried out by technological level field assistants and laboratory analysts respectively. 
It is quite clear that analytical techniques in many manuals are compjicated with technical jargon 
and difficult to understand at a quick( glance, especially for technical level analysts. Therefore, 
to full-fill basic need for unified methodology in sampling and analysis and to make it convenient 
for technical level analysts, an attempts has been made to prepare this user-friendly field 
laboratory manual under the II S-N A RI /RG- USAII)funded project on Quality Assessment 
of "urlace Water. 

1*.1.L. Silva 
lProject lecader, IFS-NA IPl, /lRO- USA II) ProjectE 
IIcad, l)ept. of lnvironmenal Sciences 
Inslitute of I'undamental Studies 



Foreword 

This User-friendly Field/Laboratory Manual is a major contribution made by the 

Department of Environmental Science of the Institute of Fundamental Studies in the field 

of hydrogeochemistry. Sri Lanka still has no proper standards in water quality. 

Application of correct and appropriate analytical techniques is most important in the 

implementation of programmes aimed at monitoring water quality. 

This manual should.be of extreme use, not only to students of analytical chemistry, but to 

all those engaged in routine measurements of water quality parameters. Analysis of errors 

in chemical analysis and the use of statistics form an important part of the manual. As 

shown by several previous studies, inter-laboratory comparisons of analytical results are 

most essential, if any meaning needs to be attached to the final results. 

Simple techniques, both in the laboratory and in the field, are an asset in a water quality 

monitoring programme, and this manual should, therefore, find a place in our laboratories 

as a reference volume. 

Professor C.B. I)issanayake 

l)irector 
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Background 

Hydrological cycle is the cohesive link between three major components of the earth (i.e. 
biosphere, lithosphere and troposphere). Thus water constitutes a continuum with different stage 
ranging from glacial ice to marine salt water. Lakes and rivers are considered as athalassic 
surface water since they are only confined to the land mass. In addition there are s'everal 
intermediate foi-rns of surface water bodies which are either natural (i.e. estuaries, lagoons, flood 
plains, waterfalls, streams, brooks, creeks pools) or a man made (e.g. reservoirs, tanks, canals 
etc) in origin. 

Surface waters either natural or man made are essentially solutions of chemicals of various 
concentration and diversity. Water also provides living habitats for aquatic organisms from 
microorganisms to huge mammals. The constitute or concentration of chemical species 
occurrence of aquatic organisms in natural waters are varying due to the type and the location 
of the water body. In general, chemical species and organisms found in natural clean waters 
are not harmful or detrimental for other organisms and human being as well. The nature and 
types of constituents in water exhibit the quality of water. The quality of the aquatic 
environment shows temporal and spatial variations due to factors internal and external to the 
watcr body. Ilowever, quality of the water can be changed by man directly or indirectly by
introducing substances or energy which results in such deleterious effects on biodiversity, human 
health and aquatic resource utilization. 

Apparently at present water is in general, not clean and not suitable for human consumption 
wilhout prior treatment. Since, water is being contaminated with human wastes, agrochemicals 
or heavy metals or un-biodegradable organic compounds there in this urge for a prior assessment 
of water for its chemical species, and biological communities. 

The process of water quality assessment is an evaluation of the physical, chemical and biological 
nalure of water in relation to natural quality, human effects and intended uses, particularly uses 
which may affect human health and aquatic biodiversity. Therefore, quality assessment of water 
provides basic information on the present stalus for detecting trends enabling the establishment 
o1 regulalory measures amil mitigatory plans. 



(HAPTER I: ANAV XiI'A i lNIQUINIUS- P P[N(IIt13,; ANI PRO()'kI)iRF, 

I. I bnt rod(ict ior 

All analytical techiui(lu.s applic( ill walcr analysis arc bascd MIi the measuremnl of a 

physical, chemical or a I)i10logical charatelrisdic hat. is specific to the paramcler sought 

for. The quanlification )rocudlure of the parameter, at one s.agec or another, dluMnds on 

the, mcasuring polntial (af an ilstruirlt/cquipm, t whichl is either simple or -omplhex 

in functionality. Ilencec,, a basic yel thorough undersland ing of the principles involved 

in analytical tcmchniques recommend(d for water analysis and instrumental ion applic(l 

therein is a prercquisitc fr a watcr analyst in order to perform his task with conl'ide-nce 

a lo gencratc reliable a.swell as ncmaningfill (1ata that exhibits high accuracy. 

This chapler prc'scnts hrit noles (on inajor analytical tech iIluCS applicahlc to water 

quality paramcters dcs.'rihc'(l in this manual. It is divide.'d into sub chaptcrs each of whiclh 
(l'als wilh a singlc analylical technilne (Iescrihing the its principle, the (lesign, technical 

aspccl an( the, ge mral experimental pr )ce(lire. ri&ical points where circory can be. 

intro(ll(c(l into :mal;lsi, ;lmc' also Ihigllihcd iii the reimarks sction. 

1,2 Aiialyiic at Ialan e (viIii,r fcthfiiquc,) 

1.2./ I ~zlmipl 

( I I\Vt,,. lyi, 1db( : iy;llti I(ylyl I);wcli)lic:;: Mcc'lm li l ;tel l lih(-,(-oIl I Ol Il 

liallll o,oil k) IIwc cl!I (diIllc Ihc;11 , 'I Ill- w eip. lipr. isthvwd ,.lIiI ill1.l o.n .(-.tli,Il111c" 

IIllll(i l i i u '' i I u ', ll: (d[ lu c 1 (' 11' },)1;!16 (iy ;!11c ( Ilm I ;it1 ] ' irc'¢l I:. la 1lc .. 

Nowl-1:1ly 1),:ccim,:l('c;; 1Iw(wc.('l I ( cillcr ol p.), vily ;111t (hu two panis ofl Ilira t;a €c' r 

c((llal. thins. Ihc wvclI.lc t (t an (hicel is sir iitlo-wardtv i iven by 1-c Iital wcitlit.ottt1i 

stalla irds plalcc(l ill te (..Itte Ian o counichr balancec. ii. 'The scnsit.ivily of this balance 

ccl5(2; ;iiI 111g 

Il~c , .orc colm~mi 1lcl,,1ic'll ; '2;iis I1. . . l icr c om. \vhi:h 
,(,ll(cl:;ij\ 11;1,; ;1 N CI[ I l'I' *;l]p;lc'll\ i i 00() A(M( !, :11Wc I ,:~ v l (d. '01. 1 fll"p i I!,: 

I2
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l)aln(.ii So ell i ,ii( iclils ti ( vbl" \Vab aric ui IC) pm sOide.'. )(l the(an thell totlal weight ()V' 

pal side, is o't) et a staiidal (Iumi,. to [lie other fcl.(il)al cd a)y remuVa)le weight fixeCd 
)f the earil. lhos wiII1', an o)j.iCtcl is p1i('(t on11¢ fpain, thail sile beomeslcheavier aid 
in order lo bring the balance back t) he )i :viouis positiom, movable weights are removed 

from th. pan side. Any remaining imbalance is in(icated on the optical scale oh lhe 

balance. Tl'he weight of Ilih. ob.iccl placed on the pan is given by lhe sum of the. weight 

removed pIus the reading on thc oplical scale. 

The clectronic balance operals onI a more. conplex meclianism which is based on 

elh('clromaginic pr inil)lc<;. Thcrel'or,, unlike mechanical Ibalances errors may o((,ur 

when weiphin' matrials witlh magntic properlies. IHlectronic balances are calibratedl 

,o hatl catlibralion-t III. faclory I Iiay be nc.ssary if'Ith gravity in the laboralory 

dii Ifers considerabl) y. 

1.2.2 	 IProc'dlure 

Basic slcp; invol'ved ill cwighIlilmp p-(c(durc electronic analylk:al bhalance11c o'f lh." is 

pj i i I low: 

I. 	 ,1wilch: il thw.lil;Ine ;:11ffieieimud llhw tine to warim tip (usually 60 millUtes) 

2. 	 (.illihratc Itlc. I):l:ui ' \villi Ib(' \.v ',,liiHlip hialllc'.r doors :lose( 
IaIc' ((oiul:t wc pa l a .hcheT. lwe. i . , VViphiip, ho ll, w;'lCuli ,.lass) oil Imc ld( . 

4. 	 T,'('1.11c ('~com~ill 	 ] ,.,,'iphl
 

wr 1(1 	 1ci'1,.'I ill c ( lmii"111(' , !I 1 ltl ;I 'mu;i ~11)(() Ilw< (;Ir},.('.W d. w c')I,,ll;, cltosc- Ific"()()()I ;II- l 

0). 	 ,'c;~!sleps I (( , I,)i (Iw 'xl( ,h 
7. 	 'Tulrn off ' . ic i('ti llcr' "Icip, hint>, 

I (w{;Illc 1! ;1 alllo llI Ill(: Imzll rl i v1 1i ilt(( n)1;(( (c'.,p . (111 ;I Irii-hh' ()Ii "Ico i l-cl:lc. ;I;lhl) 

<, i i t ! ';f \V :IN/ il a ,. 11{'c '1 !; lli liil ll I 1 II l,i W I( lip c m'r~llli(. 111l.lllfll i "i
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2. 	 Make sure to check whether the balance is in levelled position before making any 

weighing. It' not, level it first 

3. 	 Always close the weighing chamber doors before taking the weight 

4. 	 Never touch the weighing vessel or the pan. Use forceps or a piece of good 

quality 	tissue, to hold the vessel 

5. 	 Never put material to be weighed directly on the weighing pan. Always use a 

container 

1.3 	 Gravimetry 

1.3. 1 	 Definition of Symbol 

Symbol 	 Definition Unit 

A Analyte to be determined
 

P Product (precipitate) formed by the chemical 


reaction between the analyle and the reagent
 

a/p Molar (stoichiometric) ratio between the
 

analyte and the product of the chemical reaction 

IA 	 Concentration of analyte M
Weight of the product g 

V 	 Sample volume used inthe analysis I 

MP 	 Molecular weight of Ithe prod uct g 

1.3.2 	 Principle 

In gravinictry, the analyle of interest which is normally dissolved in the sample is 

convertid to ;I solid product (precipitate) of known chemical composition by means of 
a chemical reaction. The precipitate is separated quantitatively from the solution and 
weighed after drying. The mass (quantity) of the analyte is calculated by using the 

weight of the precipitate aricl the stoichionietlry of the chemical reaction. 

C. . aA I .... - P1 I ... 

JAI x xa iiol/IV \, p 
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1.3.3 	 Procedure 

The general procedure of gravimetric analysis includes steps given below. Analyte 

specific procedures are given in the analytical procedure section of the manual. 

1. 	 Measure a known volume of the sample into a beaker. 

2. 	 Add precipitate forming reagent as instructed in the analytical procedure while 

mixing the solution. 

3. 	 Filter die sample through a pre-weighed filter paper. 

4. 	 Rinse the beaker with the filtrate several times and add to the filter paper. 

5. 	 Thoroughly wash the precipitate with the same solvent. as that of the sample to 

remove impurities adhered to it. 

6. 	 Dry the precipitate to a constant weight in an oven maintained at the temperature 

specified in the analytical procedure. 

7. 	 Cool the precipitate in a desiccator to room temperature. 

8. 	 Weigh the precipitate by using an analytical balance. 

9. 	 Calculate the concentration of the analyle using the weight of the precip.itate and 

chemical data such as reaction stoichiometry and molecular weights as illustrated 

above. 

1.3.4 	 Rernarkv 

1. 	 'lo improve formation ot large crystals which Iacilitales easy filtration add ihe 

reagent to lh sample slowly with vigorous mixing. Also use a large volume of 

the sample in the analysis and maintain ihe temperature at an elevated level 

during precipitate fornialion step. 

2. 	 Keep the precipitate in the mother liquor at the elevated temperature (digestion) 

for a short period to improve the purity of the product. an(l to promote formation 

of large crystals. 

3. 	 Some gravimetric methods require the ignition of the precipiltae prior to weighing 

in order to achieve a reproducible, stable and constant. composition. In such 

cases, use ashless filler papers for separaling the precipitale from the mother 

liquor.
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4. 	 To minimize weighing errors, always bring dhe temperature of' the weighing 

vessel to room temperature in a desiccator before weighing. l)o not touch the 

vessel by hand. Instead use tongs pairs or forceps. While weighing keep the 

glass doors of the analytical balance closed. 

1.4 	 Volumetry 

.1.4.1 	Definition of Symbols 

Symbol Definition Unit 

MA Molarity of analyte (A) mol/ 

M.. Molarity of titrant (T) mol/I 

a/t Stoichiometric (molar) ratio between A and T --

VA Volume of the sample used in the titration I 

V., Volume of the titrate used in the titration I 

1.4.2 	 Principle 

Volumetry involves incremental addition of a reagent of known concentration to a fixed 

volume of a sample containing the analyte of interest until the reaction between the 

analyte and the reagent is complete. "The completeness of the reaction is determined by 

an abrupt change in a physical property (usually color) of a third compound (indicator) 

adlded to the litralion vesselI at Ihe beginning of the titration. As the indicator also has 

to react with tie titranl to cause the change in physical propet ty, the litration eId point 
always 	surpasse.s Ihe. eqluivalent point, causing, a slight error in the reading (iration 

error). 

Most of the instances, the titration error can be estimaled by conducling a blank litralion. 

Normally the estimated error is subtracted from sample titration data to improve the 

accuracy of the results. l'he quantity of 1he analyle in the sample is calculated using the 

titrant and sample volinies, molarity of the titrant and the stoichiomretry of the chemical 

reaction pertaining to Ihc. t ilralion. 



e.g. 	for general reaction
 

aA -- tl' products
 

Moles of T at end point =M-IVj
 

Moles of A at end point MAVA
 

at equivalent point 
a 

MAVA = 	 
t 

a MINT 
MA 	 'r oI/I 

t VA 

4.3 	 General Procedure 

Given below are the main steps involved in volumetric analysis. Specific procedures 

may vary depending on the nature of chemical reaction between the analyte and the 

titrant and the physical property utilized for end point detection. The analyst is therefore 

requested to be familiar with the procedure that he intends to follow prior to analysis. 

1. 	 Prepare a standard solution of the litrant by dissolving an accurate weight (use 

analytical balance for weighing) of a primary standard in a known quantity of 

distilled water. If the titrant is not a primary standard, standardize the solution 

against a primary standard. 

2. 	 Rinse a clean burctte with the tiran. three times and fill in upto the top. 

3. 	 Open stopcock and remove all air bubbles. 

4. 	 Take the initial reading to two decimal points (second decimal is your oN n 

estimate). 

5,. 	 Rinse a clean pipette with small portions of the sample three times and pipet a 

fixed volune of sample into a clcan erlenmeyer flask. 

6. 	 Add a Itw drops of the appropriate indicator to the flask and titrate with the 

reagent while swirling the Ilask. 

7. 	 Wash (down the walls of t-he Flask wit.h distilled water occasionally during 

titration. 

8. 	 When the end point isapproaching, add small increments from the buret until the 

slightcsl ht Ohe 1)('i hanpgrmlin ( c'll incolor resultls. 
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9. 	 Note down the final buret reading. 

10. 	 Repeat tie experiment at least twice more and calculate the analyte concentration. 

1.4.4 	 Remarks 

1. 	 Never rinse erlenmeyer flask with the reagent or sample to be pipetted in 

2. 	 Add only the recommended volume of the indicator to minimize titration error. 

3. 	 Never try to bring liquid level of the burette down so as to coincide with a line 

of the burette as it is a useless and cumbersome endeavour. 

4. 	 Never wash down the burette tip to the flask with distilied water. If there is a 

small droplet. hanging onto the tip, deliver it into the flask by touching the tip on 

the inner wall of the flask and rinsing down with distilled water. 

5. 	 Always run a blank titration to improve the accuracy of titration. 

1.5 	 Potentiometry - p1l Measurement 

1.5.1 	 Definition of Symbols 

Symbol Definition Unit
 

I Ilydrogen ion concentration of the sample mol/I
 

plI 	 pI = -logIll I No units
 

Cell potential-- potential difference across V
 

the II +I- sensitive (glass) membrane
 

C 	 Constant. V 

1.5.2 	 Principle 

p1l is a inmasure of hydrogen ion concentralion. When a pil electrode is immersed in 

a solution, a potential difference is built up across the glass membrane due to a differcncc, 

in hydrogen ion concentrations of the internal andi the external solutions. This potcniial 

difference is measured by two relrunce electrodes immersed in dhe two solutions and is 

related to hydrogen ion concentration of the external solut.ion (sample) as follows: 

(, p!I ... (0 i C )0. 0)9,t 1 



1.5.3 Imtrument Design 

[ pH METER 

AIR INLET 
-•KC4 SOLUTION SATURATED WITH AgCl 

- . AgC PLATED Ag WIRE 
.... 	 t" 4- Ag WARE 

UQUID JUNCTION 

*- - -- . 0.1 M HCI SATURATED WITH AgCI 

... -	 MEMBRANF-GLASS 

,." "" 2' STIRRING BAR
 

@ --- STIRRER
 

Figure 	1.1 

Basic components of aplI measuring system (i.e. p1H meter) isgiven in Figure 1.1. 'rhe 

functions of these components are as follows: 

I. 	 pi1 electrode (conihination type) 

The combination plI electrode consists of two components. 

a. 	 A glass membrane (bulb) sensitive to hydrogen ion which is filled with a 

standard hydrogen ion soluLito (e.g. 0. 1 M I10) and consists of a Ag 

wire immersed in it as a ii inlernal refterelce electrode. 

b. 	 An external reference electrode (e.g. Ag/AgCI electrode) fixed as outer 

compartment, of the ,lectiode body which is connected 1.o the external 

(sample) soluion through a liquid junction (a membrane that permits the 

movements of ions). 

(Note: 	 In older models, pi1 (glass) electrode and reference clectrode are found 

as t.W 	 ) s'parate tin its). 

9 



2. 	 Potentiometer (pll meter) 

This unit measures the potential difference across the glass membrane by means 
of internal and external reference electrodes, converts it into pH units and 

displays the value on analogue or digital scale. It also consists of components 
needed for the calibration of the instrument (i.e. STANDBY, READ, CAL, 
(calibration) and SLOPE knobs). 

3. 	 Stirrer 

Stirring the sample solution improves the accuracy and the precision of pH 
measurement. A magnetic stirrer is suitable for this purpose. 

1.5.4 	 Calibration 

The general procedure for calibration and sample pH measurement is given below. The 
analyst is, however, advised to refer to the instruction manual of the p-1 meter at his 
disposal as specific procedure may vary depending on the make and the model. 

I. 	 Check the pi1 electrode (combination type) for reference electrode filling solution 

level and if the level is low, fill in with the filling solution. if there are air 

bubbles insile, shake tlhe electrode to remove them. 
2. 	 Connect the pl k'ct.rode to the meter and uncover tile filling hole plug. 
3. 	 Rinse the electrode with distilled water and shake off excess water. lBlot the 

clectrode dry with al tissuc,. I)o not. rub or wipe the electrode with any material. 
4. 	 immerse the clectrode, in pll 7 buffer while stirring the soltion andturn the 

meier to RiZIAl) position. 

5-. Select temperature mode and measure the temperature of thle buffer using in build 

temperature probe (if available:) or mcasure it manually using a thermometer. 

6. 	 Swi!r'h to pll niode 

7. 	 Turn the meter to REAl) position and wait for a stable reading. 

8. 	 If the display value is diffe:,rcnt from tho slandard pll value for the measured 

temperature adjust the reading with the ('A, knob. 

9. Turn thre meter back to STANI)lIY position.
 

1(. Rem)Cov . ci.-I dcl , ilin.s€e with dlislillcd water amidl )lot dry.
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1I. 	 1lace the electrode in pll '4or 9 buffer depending on the range of pll anticipated 

in the samples and stir the solution. 

12. 	 Turn to REA) position and wait for a stable reading. Adjust the reading to the 

p1 value for that. measured temperature using SLOPE' knob. 

13. 	 Turn to STANDBY position, rinse the electrode with distilled water and blot dry. 

14. 	 Place the electrode in the sample, turn to REAl) position of the meter and wait 

for a stable reading while stirring the sample. 

15. 	 Record the pl1 and turn to STANDBY for the next measurement after rinsing and 

drying the electrode. 

16. 	 After use rinse the electrode with distilled water, blot dry and store in electrode 

storage solution or p11 7 buffer. 

1.5.5 	 Renarks 

1. 	 p-I measurement is sensitive to changes in temperature. Therefore, calibration 

buffers and the samples should be at approximately the sametemperature. If they 

are different use temperature compensation (as described in your manual) to 

minimize error in the reading. 

2. 	 If the slope falls below abouit 90% during the calibration step or the readings in 

p1i buffers drift with time, the electrode may have become dirty. Then follow 

the cleaning procedure given in maintenance section. 

3. 	 Standard buffer solutions should be selected such that the range of the pH1 value 

expectel in the samples is covered. 

1.6 	 UV/visible, Spectrophoomnett y 

1.6. 1 	I)e.finiion qf Symbols" 

Symbol Definition 	 Unit 

P,, Radiant. power (incident) --energy of radiation impinging ergs/cm 

on one cm 2of the sample 

I) Radiant. powe.r (transmited)cenergy of radiation ergs/cm, 

transrni ll( Iori on. e'i t l i sampi . 

II 



A Absorbance (A = log Po/l) No units 

T Transmittance (T= P/Po) No units 

b Path length - distance radiation travels through solution cm 

c Concentration of the radiation absorbing molecule mol/ 

Molar absorbtivity (E = A/bc) cnIVmolI 

1.6.2 Principle 

When ultra violet/visible radiation travels through a solution, the power of incident 

radiation may be attenuated from Po to P as a result of absorption by molecular species. 

The attenuation of radiation, expressed in terms of absorbance is directly proportional 

to path length (b) and concentration of light absorbing molecule (c). Mathematically, it 

is expressed as 

A = Ebc 

Where E is water absorbtivity which is a constant for a particular analyte species at a 

given wavelength. This relationship is known as Beer's law. At constant path length 

(b), absorbance holds a linear relationship with analyie concentration (c). 

Thus, A = )Ebc = Kc (K = Eb = constant)
 

UV visible spectrophotometry is based on this fundamental relationship.
 

1.6.3 Design of instrument 

RADIATION SOURCE ONOCROMATER DETECTOR METER/RECOR 

CELL 

Figure 1.2 
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Figurc 1.2 depicts a single beam I IV/visible spect-rophotonmter. The functions of the 

basic components of the instrument are as follows: 

I. 	 Radiation source' 

Generates UV/visible radiation by two sources 

(i) deuterium lamp - UV range (190 - 350 nm) 

(ii)tungsten lamp - visible range (350 - 850 nm) 

2. 	 Monochromator 

Selects the wavelength of interest by means of a complex optical system. 

3. 	 Cell 

Holds the standard or the sample of interest for absorption measurement. 

There are two types of cells (cuvettes) used in analysis depending on the 

wavelength. 

(i) quartz or fused silica cell - for ultraviolet region (i.e. below 350 nm) 

(ii)silicate glass or plastic cell- for visible region (above 350nm) 

4. 	 Detector 

Consists of a photocell system to measure the power of the radiation 

transmilted through standard/sample. 

5. 	 Meter/recorder 

Displays the reading in analogue or digital form and records it (if recorder 

is available) 

1.6.4 	 Calibration 

Basic steps in the calibration of' IlV/visible spectrophotometer are given below. 

Ilowever, you must read the manual of your instrument before commencing 

mcasurements as calibration procedure may vary depending on the make and model. 

1. 	 Switch on the instrument and allow sufficient time (which is usually indicated in 

the manual, if nol, 15 30 minutes) [or warm up of optical and electronic systems. 

2. 	 Select the desired wavelength (which is given in the analytical procedure of 

inlerest). Al his point., you may have (o switch to relevant radiation source 

manually. 
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3. 	 Fill up tile cuvette with the blank solution upto 1 cm from the top, wipe tlhe 

transparent surface with a soft tissue and insert in the cell compartment such that 

the light passes through transparent surfaces (caution:- make sure to hold the 

cuvette by coarse surfaces only). 

4. 	 Close the sample chamber lid and adjust absorbance to 0. 

5. 	 Insert the cuvette(s) containing the standard(s) and record absorbance. 

6. 	 Construct a calibration graph by plotting concentration of standards against 

absorbance.
 

7. 	 Measure absorbance of the sample and calculate the analyte concentration from 

the graph.
 

1.6.5 	 Remarks 

1. 	 The Beer's law is valid only for dilute solutions. Therefore, you must always 

prepare a calibration graph covering the concentration ran-e of interest to verify 

the linearity. 

2. 	 Spectrophotometric reading may vary with time due to electronic drift. To ensure 

accuracy in measurements, few points of the calibration graph should be 

rechecked occasionally during the analysis of samples. If there is a significant 

deviation, calibration graph should be corrected accordingly. 

1.7 	 Atomic Absorption Spectrophotometry 

/. 7 1 	Definition of SymboLs 

As of UV/visible spectrophotonetry (Section 1.5. 1). 

1.7.2 	 Principle 

A solution containing the analyte of interest is aspirated into a flame where after 

atomization, the analyte absorbs incident radiation. The attenuation of the radiant power 

of incident radiation obeys Beer's law as described in Section 1.5.2. 

i.e. A 	= E be 

At. conslant. path length A : I<c, (K constant)-: 
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'.J 1)esign of instrument 

PULSED POWER RADIATION SOURCE MONOCROMATER PHOTUKXTIPLERY READOUT 
BURNER/NEXIZER AMPLIFIER 

Figure 1.3 

Figure 1.3 depicts basic components of a single beam (flame) atomic absorption 

spectrophotometer. The functions (components are as follows. 

1. 	 Pulsed power supply 

The power supply provides a high voltage to the radiation source in a particular 

pulse form. 

2. 	 Radiation source 

Widely used radiation source is hollow cathode lamp which consists of a cathode 

made of the element of interest and an anode made of tungsten. Pulsed power 

supply ionizes the filler gas and the positive ions formed during process bombards 

on the cathode. This process generates a vapour of excited atoms of the element 

inside the lamp. During de-excitation of the atoms, a radiation characteristic of 

the element of interest is emitted which follows the same pulse pattern as of the 

power supply. 
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3. 	 Nebulizer/burner 

Nebulizer convert!; a liquid sample into fine aerosol and aspirates it into the flame 

through the burnci. Generally, pre mixed burners arc used where aerosols are 

mixed with the flO and oxidant gases first and only the fine droplets are allowed 

to enter the burner. 

In the flame, molecules are vaporized and dissociated into elements. Part of tie 

resulting atoms then becomes excited by absorption of radiation receiving from 

the hollow cathode lamp of the same element. The atomization efficiency of a 

compound and therefore, the sensitivity of measurement depends on tie 

temperature of the flame (ability to dissociate molecules). Various fuel/oxidant 

combinations are used in AAS as illustrated below. 

Fuel gas 


Acetylene 


Acetylene 


Acetylene 


1-1
2 


112 

Oxidant 

Compressed air 

N20 

02 

02 


"Compressed air 

Flame 	temp. C 

2100 - 2400 

2600 -2800 

3050 -3150 

2550- 2700 

2000 - 2100 

Alternatively, elec1irothermal atomizers (graphite furnace) can be used to improve 

detection limil. 

4. 	 Monochromatcr 

Selects the' wavclclqg h tdhat ischaracteristic to the clement of interes. and enstrs 

that thc pholtmuiilcr receives only this radiation. 

5. 	 Photo mult ipl ier/ioplifier 

Photo multiplier converts the optical signal into an electrical current. The 

amplifier enhanc s the current. to a measurable level. IPhoto mlftiplicr is tuned 

to the pulse paltelri generated by the power supply in order to distinguish belween 

the radiation enitiul Iroim the hollow cathod(, lamp and that generated during 

dee.xit 	al-io ol icrlle'lll. IIIilw thc Ilaliic.. 
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6. 	 Readout 

ln(licates the magnitude of the signal numerically either as a direct reading or, if 
a printer is available, as a printout. 

.Z 4 Calibration 

The general operational procedure for calibrating AAS is summarized below. However, 
as there may be model specific differences in operational procedure, you are advised to 
be conversant with the operation of your instrument by carefully reading the manual 
before 	attempting any measurement.. 

1. 	 Air/acetylene flame 

(a) 	 Make sure that the right burner head is installed, if not change the burner 

head. 
(b) 	 Make sure that the waste water tube is not folded or blocked and its end 

is submerged in water inside the plastic waste bottle. 
(c) Load the hollow cathode lamp of interest into the turret of the instrument. 
(d) 	 Switch on the instrument and allow sufficient time for warm up of 

electronic and optical systems as specified in the manual, if not, 15-3() 

minutes. 
(e) 	 Set the lamp current and slit width corresponding to the element of 

interest. 
(1) 	 Set, the wavelength indicaled in the procedure and optimize wavelength 

setting 	and lamp alignment. 
(g) 	 'l'Turn on the Ian of' lhe. cxhausf system. 
(h) 	 Open the gas flow at airhard acetylene cylinders and adjust the desired gas 

flow rate at the instrument using flow meters (if compressed air is used 
as oxidant, turn on the air compressor and allow sufficient time to build 

up adequate pressure). 
(i) Ignite the flamc and conlinue aspirating distilled water. 
(j) 	 ScIec:t absorhance mode 

(k) 	 S -t desired ;acklgr ()ut1d c()rrec(.lion 

17
 



(I) Aspirate Ilic standard with the highest concenlration and )mieopl 


absorbance reading by making burner adjustment 

(m) 	Aspirate the reagent blank and set zero absorbance. 

(n) 	 Aspirate standards and record absorbance. 

(o) 	 Construct a calibration by plotting absorbance against concentration. 

(p) 	 Aspirate samples and record absorbanee. 

(q) 	 Calculate analyte concentrations using the calibration curve. 
(r) 	 After use, aspirate distilled water for a few minutes. 

(s) Extinguish the flame by closing the fuel toggle.
 

(I.) .Close the fuel regulator at the cylinder and open the fuel toggle of the
 

instrument to bleed the fuel gas completely and then shut it off. 

(u) 	 Turn off the air compressor (or cylinder). 

(v) 	 Turn off the AAS and the exhaust fan. 

2. 	 Nitrous oxide/acetylene flame 

(a) 	 Install nitrous oxide/acetylene burner head. 

(h) 	 Perform (h) to (i) of the previous procedure. 

(c) 	 Open N2 0 gas flow at the cylinder and adjust. deserved gas llow ratw using 

flow meter. 

(d) 	 Aftter burner head is warmed tip for a few minutes and if the flame is even 

push the NO button to change the oxidant from air to N2(. 

(e) 	 If necessary, nmlake 1i or adjntsmcnts to the flame by changing gls 11w 

rates. 

() 	 Iertbrii analytical neasurenients following steps (j) w,(r) o'previous 

procedure. 

(g) 	 Switch N() gas flow hlck to air. 

(h) 	Extinguish the flame by closing acetylene valve. 

(i) 	 After closing, acetylenc and NO regulators, open acetylene value. of the 

AAS until the fuel is drained off and then close it.
 

(.) nTurn
ofl air 	compressor (or cylinder) 

(k) 	 'urn o' t,AAS and the exiansl 1ain. 
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1.7.5 Retnark 

1. 	 Beer's law isvalid only for low concentrations. Therefore, ,he calibration curve 
should cover tie concentration range of interest to verify the linearity. 

2. 	 TG ensure the accuracy of measurements, the drift of the instrument must be 
checked by reanalyzing a few standards occasionally during the analysis of 
samples. If there is a significant deviation in the readings, calibration curve 
should be corrected accordingly. 

3. 	 Always be on alert about gas leaks (some model have in built gas leak checking 

facilities). 
4. 	 Always maintain waste water level above the end of the water tube to avoid 

accidental fires. 
5. 	 Make sure all gas supplies are closed when the instrument is not in use. 
6. 	 Always keep the exhaust system operating while the flame is on. 
7. 	 Replace acetylene cylinder when the pressure drops below 5.26 Kg/cm2 (75 psi). 
8. Keep ventilated the area where AAS is installed and gas cylinders (specially N20) 

are stored. 
9. 	 Keep the gas lines free of oil to avoid spontaneous combustion or explosion. 
10. 	 When being used heat the NO pressure regulator to avoid freezing. 
I . When the AAS flame is on always keep the burner compartment door closed 

(otherwise. wear tinted safety glasses). 
12. 	 )o not use acetylc.ne/N,() flame for the elements which are best determined be 

acetylene/air flame. 
13, If organic solve.s are. aspirated, discard the waste solvent get collected in the 

holle imncidiately af'ter analysis. 

19
 



CIIAPTER 2: USER MAINTENANCE - BASIC LABORATORYWARE 

2.1 	 Introduction 

Analytical instruments require'constant attention of the user for them to function 

properly. Therefore, the instruction manual of any instrument contains a section on user 

maintenance. Proper care of instruments not only improve the sensitivity, accuracy and 

the reliability of the readings obtained by the instrument but also prolong its life time 

avoiding unnecessary expenses on new equipment. 

This chapter describes, in general, the user maintenance procedures pertaining to the 

analytical instruments used in the water testing methods presented in this laboratory 

manual. The user is, however, strongly advised to read the relevant chapter in the 

instruction manual of the instrument before attempting any maintenance work. Also, 

please note that maintenance of certain components of the instrument can be done only 

by the manufacturer or by an instrument specialist. The instruction manuals usually 

specify such components. I)o not try any maintenance work of those parts. 

2.2 	 Analytical balance 

1. 	 Whenever necessary, clean the weighing pan and the housing of the balance with 

some soapy water. Wipe out nioisture completely with a clean and dry cloth. 

2. 	 To removc any (llst particles from the weighing chamber use a small artist's 

brush. Never blow air through the chamber 

2.3 	 pll electrode and meter 

Inspct thc p] Ielectrodc regularly for scratches, cracks, salt crystal build tips or visible 

deposits. IIt hIerce, are cracks or scratches replace the electrode.' To remove sal. or other 

deposits ftOllow the procedure given below. After cleaning the p-l (combination type) 

electrode, renreimber to 

1. drain (ic rel'crciice electrode solution, flush the chamber with new filling 

solulion and refill. 

2. 	 soak thc. .lctoro(d in slra,¢. sollut ion for al. las. two hours 

3. 	 rcval il-ailC th¢: C'leCtro(lc 
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2.3. 1 	 General cleaning oJ the electrode 

I. 	 Soak the electrode in 0. I M IICA or (O.1 M IINO:, for half an hour and rinse with 

distilled water 

2. 	 If unsuccessful, soak the electrode in a 1: 10 dilution of household laundry bleach 

in a 0. 1-0.5% liquid detergent solution prepared in hot water. Stir vigorously for 

15 minutes. Rinsj the electrode with distilled water. 

2.3.2 	 Protein removal 

1. 	 Soak the electrode in I % pepsin in 0. 1 M HCI for few minutes to remove protein 

from the glass membrane or liquid junction. Rinse with distilled water. 

2.3.4 	 Removal of inorganics 

I. 	 Rinse the electrode with 0.1 M tetra sodium EDTA solution and rinse with 

distilled water. 

2.3.5 	 Removal of grease and oil 

I1. Rinse with a mild (etergent or methanol and rinse with distilled water. 

2.3.6 	 Removal of tarddeposits 

If all above cleaning procedurcs failed, immerse the electrode lip in 0.1 M NIIIII.' 

(ammonitmi biflioridc) for one iiinute anl thoroughly rinse with distillcd water. Cheel 

the slope of (he clectrode after refilling the reference electrolyte and soaking in storage 

solulion fOr two hotirs. Iflthe electrodce slope is still unsal.is actory, discard ihe lectc'rodce. 

2.3. 7 	Storage of electrode 

For short. term storage (upto one week), store the electrode in storage solution supplied 

by the nmnufacturer or in pl 17 buffer/KCI system (I g of KCI to 200 nil buffer) 

IFor Io)l, term storage:., rfill the reference ('lcc :lrtoytc and covcr the filli ng hole.. Put a 

le',w (p, of stora-lge"?C ,uitSi0[ 01Ht theioteCt.iV" cap ;lcui cover dhe electoduilp wit1 it.rl iHn .

http:theioteCt.iV


2.4 	 UV/Visible Spectrophotometer 

I. 	 Keep the instrument in a clean and dry place which is l'rce from dust. When not 

in use, always keep the instrument disconnected from the main power supply and 

cover with the dust cover. 

2. 	 Clean cuvettes before and after use with high quality (analytical or HPLC grade) 

methanol and allowv to dry. Never dry cuvette in oven or under flame. 

2.5 	 Atomic Absorption Spectrophotometer 

2.5.1 	 Burner cleaning 

An uneven flame may indicate that the burner slot needs cleaning. When dilute solutions 

are aspirated the burner may require only occasional cleaning. If high concentration of 
Ag, Cu and I-Ig salts are aspirated into air/acetylene flame, the burner mixing chamber 

requires immediate cleaning. After analyzing samples containing high levels of solids 

or those prepared in organic matrices (e.g. MI3K extraction) clean the burner 

immediately. 

(a) 	 General cleaning 

I .	 If uneven flame is noticed, turn off the flame and carefully work along 

an( through the slot With a single edge razor blade. 13e careful not. to nick 

the edges of the slot. This will remove deposits lightly adhered to the 

burner slot. 

2. 	 I. above is unsucccssful, disconnect the burner head and carefully work 

through the slot with a razor blade. Remove scrapings from insidle and 

outsidc fh )urncr head. 

3. 	 For furtlwr clcaning (it' necessary) soak the burner head overniight in a 

detergent solulion and rinse with deionized water and blow dry with a 

clean air flow. 

(b) 	 Cleaning alter ainalysis of organic. saupl)les 

(1) 	 Aspirate for . minutes in aii organic solvent known t.o he miscible with 

the saiples aspirated previously. 

(2) 	 Aspiral acolmic for S)rIi11ti(.. 
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(3) Aspirate I % IINO:, Vlr five minutes. 

(4) Inspect 1he burner chamber and if deposits are to be seen clean the 

chamber using burner mixing chamber cleaning procedure. 

2.5.2 	 Burnermixing chamber cleaning 

(a) 	 General cleaning 

(1) 	 Remove the burner head from the burner chamber and keep it aside. 

(2) 	 First try to clean the burner chamber without dismantling it by pouring 

about 50 nil of water through the neck. 

(3) 	 If unsuccessf I, remove the burner chamber from the instrument and 

dismantle it.according to instructions given in the manual. 
(4) 	 Clean the burner head and the chamber with a detergent solution and a 

bottle brush. )o not use acid solution or strong cleaning agents. 
(5) 	 After cleaning rinse thoroughly with deionized water and reassemble the 

burner chamber. 
(b) 	 Cleaning after use of high concent'ation of acetylide forming metals (e.g. As, Cu, 

I g) 

(I) 	 Inmniedialcly af'ter analyzing acetylide forming metals thoroughly flush the 

burner mixing chamber with distilled water until all traces of residues are 

reiove.,. 

2...1 	 Cleaning the nehu/izer 

A lower tIhIa ('x [xpeeld reading in absorbance for a standard may he due to an 

obstructiou in ic, nc.bulizer. Clean 	the nebulizer in the following manner. 
(I) 	 Aspirate pure. water (or solvent) until absorbance reading is satisfactory 

for a subseCLuent standard. 

(2) 	 If it fails, inscrt a ihin wire into thecapillary from the inlet. side and move 

it in and mit. 
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(3) 	 If the nebulizer path is still obstructed, disassemble the nebulizer 

according to manufacturers instructions and clean the components with 

soap and water. 

2.5.4 	 Care of optics 

(1) 	 Do not make fingerprints on the surface of the hollow cathode lamp or on 

the light transmitting windows in the sample compartment of the 

instrument. 

(2) 	 When the covers are removed, never touch the reflecting surfaces of 

mirrors and gratings. 

(3) 	 If dust gets collected on optical surfaces, blow it off carefully by using a 

clean and dry air flow. )o not rub the surfaces with a cloth. 

(4) 	 Window surfaces may be cleaned with a tuft of cotton moistened with a 

dilute souliin of a mtild liquid detergent followed by several rinsings with 

deionized water. 

(5) 	 Cleaning of mirror surfaces and the gratings should be done only by a 

skilled service engineer. 

2.6 	 Glassware 

2.6.1 	 Glassware cleaning 

The classical glassware cleaner is chromic"acid solution which is prepared as follows: 

)issolve 10I g of KCr,(, in 11. of distilled wa-:r. Add slowly with great care 

and while stirring,It of II. Allow the glassware to soak in chroric acid 

solution overnight. This mrixture. is hygroscopic and caustic so the Container 

should be covered. Chrom icacid is dangerous and for many purposes, the safer 

modei n preparatory glassware cleaner may be suitable. They are complex 

chemical mixtures. So it.is essential to make sure that they (1o not. interfere with 

analysis. Ordinary detcrgets are. less effeclive and more likely to cause 

inwcrference. 1lhy may have (lisastrous cl'fects on ip)hosphorous analysis. 
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CilAPTER 3: STATISTICS IN WATER ANALYSIS 

3.1 Introduction 

Water laboratories around the world generate large amount of information every day. 
Much of that information is in the form of a value for a given water quality parameter. 
When we report a test data for any water quality parameter two questions are always 

asked about the experimental data: 

1. How reliable is the result? 

2. How can we assure the quality of data? 

It is also important to note that all measurements contain certain experimental errors. In 
other words, it is impossible to be completely precise of a result. Understanding some 
basic statistics helps us to answer both of these questions and provides confidence in the 
laboratory data we furnish for a variety of purposes. 

This section describes the basic statistical calculations which should be performed 
routinely on any water quality laboratory. The description will also include step-wise 
approach of calculation o!' statistical data and some limitations and the use of these 
parameters in data quality control. Basic statistics include methods which may be viewed 
as suital)le [or pencil-and-paper approach on small data sets. We strongly recommend to 
be conversant. with hand calculations before using scientif ic calculators. 

3.2 Basic statistics required in analysis of data 

3.2. / Mean aind Stanijard Deviation 

Mean value is the average of all mcasurements in the data set. Value of standard 
deviation indicates the spread of' the individual measurements around the mean value. 
Small standard devialion signals very little variation of individual measurements around 

the mean. 
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Calculation 

A. Mean (x) 

x =X/ . 
xi = tmeasurement value 
n number of measurements 

B. 	 Standard Deviation (s)
 

-. = x)/(n-1))
 

x. ith measurement 
mean of measurements 

n number of measuremnte 

Note: * Standard deviation is always positive. 
* The square of the standard deviation is called variance. 

3.2.2 Comparison of Means (Student-t Test) 

In order to apply this test to compare means of two data sets, the standard deviations of 

the samples should be same (statistically, not significant at the confidence levels of 

interest). Therefore, before performing t-test, always perform F-test to check the 

significance of standard 	deviations of two sets. 

Calculation:
 

Case I When the true&mean is known
 
'
It= I(X-/t)/sl n 

Case 2 Geieral case (with two means ?)
 

'
 t = I(X Y)/sj Inm/(n-i m)I 

X mean of data set., sample I 

Az true mean, sample I 

s Standard deviation, sample 1 

11 number of observations, sample 1 

m number of observations, sample 2 

Y mean of data sct sample 2 
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Confidence interval 

The calculated mean and standard deviation of a data set are only approximates (You 
may never get a true value). By calculating confidence interval we suggest a range in 
which the true mean (IL)resides. The probability (the chance) level of the confidence 

interval should always be given. 

Calculation 

= 	 X ±ts/n
 

true mean
 

X mean (calculated)
 

t Student t values (refer table x)
 

n1 number of measurements
 

Note 	 * The true mean (14) is called the population mean. 
* (n-I) is called degrees of freedom. 

3.2.3 	 Comparison of Prec.ision (1;-test) 

The l-test is used to compare the standard deviations of two sets of measurements. 

Since standard d(eviation is directly related to precision, by this way the precision of two 
sets of data can be compared for their differences. 

Calculation:
 

F-test
 

SA I standard dleviationi of data W-.:I 

SI,7 standard deviation ot data c: 2
 
thittxj get f'rom 
 the l-table for the dcegrce. of' freedom of data sets 

I and 2 for 95% confidence limit
 
IfIiici.t., ]ih,, itt ,t~i d
> I" 0Iilferentce i standard dleviations = Jo difference in precision. 

Noto: * Always plug-in larger standard deviation value in !h, numerator of the formula 
)egrc. 	 of freedom (n-[) 
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3.2.4 	 Reliability of Results (Q ltst) 

Always reject the result ol' any analysis in which a known error has occurred. You may 

not, however, reject data arbitrarily. Do a Q test to make a decision on data rejection. 

Calculation: 

I. 	 To apply a Q test arrange the data in order of increasing values 

2. 	 Calculate the range (the difference between lowest and highest values) 

3. 	 Determine the gap (the difference between the questionable point and the nearest 

value) 

4. 	 Calculate Q = gap/range. 

5. If Qcacuaf, > Q A,j,,~d reject the questionable point
 

Q table
 

Q(at 90% level) 0.94 0.76 0.64 0.56 0.51 0.47 0.44 0.41 

n 	 3 5 7 94 6 8 10 

3.2.5 Accuracy and Precision 

The true value for a measurement remains unknown except. when a standard sample is 

being analyzed. Accuracy is the neitrness of a measurement or result. to the true value. 

It is not. defined in slatistics. Ilowever, by estimating the related term, slandard error 
(o,) of a series of mcasurcmenlts, you can get. a feeling of the accuracy of the results. 

Precision indicates how closc each mcasurements are [o one another. Unlike accuracy, 

precision can be detined statistically. It is obtained by calculating the standard 

deviation of the data set. lor better indication of the precision of your data set, always 

calculate the related term, coefficienlt of variation (('V). 
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Calculation 

A Standard Error 

oA = X/V'n
 

UP Standard error of means
 

X mean of analysis
 

n number of measurements
 

B Coefficient of Variation 

CV (%) = (s/X) x 100
 

CV coefficient of variation
 

s standard deviation
 

X mean of measurements 

Note: When standard error of data set gets smaller, the 

measurements become accurate (accuracy is high).
 
When the coefficient of variation gets smaller, the 
 measurements 

become floeiC precise (precision is high).
 
It is not possible to have accuracy without precision. However, you may have
 

good precision without accuracy (see figure x).
 

3.2.6 Rounding off Aunders 
When you perform malhematical operations with your raw data (i.e., instrument 
renadings) to ind out the quanutily of' a desired parameter in the sample, you have to 
nmaintain a number digits in the answer withcertain (f in accordance the, rules of' 
significant figures (Rules j~ovr ing significant figures are discussed in the next section). 
If'your answer carries more digils than that are allowed by the rules of significant 
figures, you have to round off extra digits such that the rules arc obeyed. IFor rounding 

off numbers, you should Illow the rules given below. 
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(1) 	 Ifthe segment to be rounded off ismore than half way to the next higher 

digit, add 1 to the last number to be retained. 

e.g. If 3 numbers are to be retained, 

segment 	to be round off 

67.0501 	 67.4501 .67.5501 67.9501 

67.1 67.5 67.6 68.0 

(ii) 	 If the segment to be rounded off is less than half way to the next higher 

digit, add 0 to the last number to be retained. 

e.g. 	If 4 numbers to be retained, 

segment to be romunded off 

1.480499 	 1.482499 
 1.483499 	 1.489499
 

1.480 	 1.482 1.483 1.489 

(iii) 	 If the segment to be rounded off is exactly halfway to the next higher digit, round 

off the segment such that the last number to be retained becomes an even digit. 

e.g. If 3 numbers to be retained, 

segment to e rounded off 

7.105M0 7.135(K) 7.145W0 7.19500 
4 

7.1(0 
4 

7.14 
4 

7.14 
4 
7.20 

3.2. 7 	 Signif[cantfigures 

LWt us 	consider a portion of a 50 ml buret as shown in Figure 3.1. On this buret, a I 
nil segment isdivided into 10 small graduation each representing m.l. l'herefore, you 
can take the reading upto the first decimal point exactly. For example, any one can read 
the liquid level in the buret exactly as 36.4 ml. Ilowever, you may notice thal you are 
able to 	estimate the second decirnal place belwen licte small graduations (between 30.4 
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and 36.5) by your eye. By doing so, you are improving the accuracy of your reading 
and the ultimate result of your titration/experiment. In this case, the secondt decimal 

place, of course, is not exacl. (i.e. contains sonic un-certainty). )ifferent analysts may 

read the second decimal place differently. 

Figure 3.1 
You may take the above reading as 36.44 ml. Another analyst may read it as 36.43 or 

36.45 or even 36.46 ml. Hence, the buret reading has at least + I uncertainly in the last 

digit. Here, you cannot possibly lake the reading upto the third decimal place. 
Therefbre, a reading such as 36.442 deviates from accurate reading as the third decimal 

place (i.e. 2) is isg ticant when taking the reading by this particular buret. You may 

now understand that the third decimal place is significant only if, in addition to 0. 1 ml 

graduations, 0.01 ml graduations are marked on the buret as in the case of some micro 

burets. 

Now we can define the term significant figures. The number of significant figures in a 

reading obtained from an analytical instrument is the number of digits that are needed to 

express the reading without loss of accuracy. Therefore, a reading expressed in 

accordance with the concept of significant figures should contain all the certain digits and 

one uncertain digit. In the above example, 36.43, 36.44, 36.45 and 36.46 ml all contain 

correct significant figures (i.e. 4 figures) although the uncertainty in the last digit is 
different. Readings such as 36.4 ml and 36.442 ml do not comply with the concept of 

significant figures as the former does not include the first uncertain digit and de latter 

has one additional uncertain digit. If you are using a micro buret with 0.01 ml 

graduations, a reading like 36.442 ml obeys the concept of significant figures and 
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therefore carrier 5 significant figures. 

You must follow the some rules when taking readings from any instrument with an 

analogue or digital scale. In the case of digital scales, the digit next to the last stable 
digit of the reading (i.e. first uncertain figure) should be taken as the last significant 

figure of the reading. 

You must also understand that sometimes you can find the number of significant figure 

in a value only if the value is reported in scientific notation. For example, the number 

80,400 is ambiguous with regard to significant figures. You should write above number 

in scientific notation to find out number of significant figures. 

Number Scientific notation Measurement upto Number of significant 
figures 

80400 8.04 x 10' 2 decimals 3 
80400 8.040 x 104 3 decimals 4 
80400 8.0400 x 10' 4 decimals 5 

Significance of zero digit in a number 

Lct us consider the level of significance of the following numbers 

Number Scientific notation Measurement upto Number of significant 
figures 

2.(M)0102 2.0W)0102 x10' 6 decimals 7 
0:000102 1.02 x 10" 2 decimals 3 
0.0001020 1.020 x 10' 3 decimals 4 

You should now understand that zeros are significant when they occur (a) in the middle 
of a number (b) at the end of a number on the right hand side of the decimal point. 
Ilowever, they are not significant when they appear before the first non zero digit on the 

left as they are merely holding decimal places. 
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Mathematical operations 

You must follow the concept of significant figures through all mathematical operations 

that follow the initial experimental measurements. There are different rules governing 

addition and subtraction, multiplication and division and logarithm and antilogarithm. 

Addition and subtraction 

For addition and subtraction, express all the numbers by the same exponent and align 

them with respect to decimal point. Perform addition or subtraction and round off the 

answer so as to give same number of decimal places as of the number with fewest 

decimal place, 

e.g. 

(1) 2.562 x 10' 	 0.2562 x 10 
+ 1.035 x 10' + 0.001035 x 10 
+ 	 5.12 x 1()6 + 5.12 x 106 

5.377235 x 106 5.38 x 106 

(2) 	 8.015 x 10' 8.015 x 10'
 
- 5.1 x 10-3 0.051 x 10'
 

7.964 x 101 	 7.964 x 10' 

Multiplication and Division 

In these mathematical operations you should retain the number of digits contained in the 

number with the fewest significant figures in your answer. Ilere the exponent has no 

influence on the figure that should be retained 

e.g. 	 5.46 x I(W 4.3179 x 1012 1234.6 
x 3 x 3.6 x 10)"L - 2.482 

' 	 .
16.38 x 10	 15.54444 x 10) 497.4214343 

1 4 	 4 
1.638 x 10" 	 1.554444 x 10) 497.421 

1 4 I
 
2 x 10" 1.6 x 10" 497.4
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Logarithms and antilogarithins 

Consider the logarithm of number 584. Since the number contain 3 significant figures 

the logarithm value should also contain 3 significant figures 

e.g. 	log 584 = log 5.84 x 102 = 2.766412847 = 2.766 
-4 4 1 

3 significant digits 3 significant digits 2 significant digits 

Remember the first digit (2) in the answer is not significant. It only corresponds to 

exponent in 5.84 x 102. Therefore, here 2.766 (which is a log value) has only three 

significant fighres. The rule is that the number of digits in the mantissa of log value 

should equal the number of significant figure in the number of which the log value was 

taken. 

In converting a logarithm to antilogarithm, number of figures in the mantissa of the 

logarithm should equal the significant figures in the antilogarithm ,alue. 

e.g. 	antilog (-3.42) 10"342 3.801893963 x 10' 3.8 x 10
4 14 

2 significant d-igits 2 significant digits 2 significant digits 

3.2.8 	 Signal and Noise 

Elctronic signals will he produced by all equipments even when ablank sample isbeing. 

analyzed. This electronic signal is called noise. The Signal/Noise (S/N) ratio is a 

measure of equipment resolution. See the manual of particular equipmrnnt for this 

value. Detection limit is thc smallest concentration that can be detected from a given 

procedure and with a given degree of confidence. We have three types of detection 

limits inwater analysis. 

Calculations 

Inst.rument Detection Iiit (IDL) 

The colcentrat ion of analyte thal. produces asignal greater than ive times the S/N ratio 
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of the equipment. This is same as "critical level" 

IDLE, 	 5 x S/N where S - signal, N noise & 11l_,, = Instrument detection limit 

for x analyte. 

Detection Limit (DL) 

The analyte concentration in reagent water that produces a signal of 2(1 .645)s above the 

means of blank analysis. 

LDL = 2 x 1.649 x s where s =4 standard deviation, LDLX lower limit of 

detection or detection limit. 

Method Detection Limit (MDL) 

Add a analyte of interest to the water, to make a concentration near the estimated MDL. 

Analyze seven portions of this solution. Calculate standard deviation (s). 

MI)I, 	 3.14 x s where s=*standard deviation of seven portions, 

MI)I, 	 method of detection lIimit of solute x. 

3.2.9 Regression and correlation 

Regression 

Imagine that two variables are linearly related (as judged by correlation coefficient), you 

can predict the value of one variable frori the value of' the other variable. You can plot 

a 'straight line by eye to show linear relationship. 

We have formal ways of plotting this line, which is called the line of regression. The 

normal way is called the method of least squares. In this section we deliberately by pass 

the derivation procedure and the theoretical justification for the best line. We shall use 

the required formulas in calculating the coefficienis a and b of the straight line y= a + 

hx and try to explain tlhc tcrm "method of least square" 
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Method of least square 

Assunptions: 

1. The errors in the y values 	are larger than the errors in the x values. 

2. The uncertainties in y values are similar. 

Correlation 

Correlation is 	the term in statistics when looking for links or connections between two 

variables. The degree of correlation is measured by the correlation coefficient (r). 

-1 < correlation coefficient (r) < + 1 

Case 1: 

r=+ I perfect linear positive relationship between the variables (figure 1.x). 

Case Ii: 

r=- I perfect. linear negative relationship between the variables (figure l.y). 

Case Ill: 

r=0) no linear correlation at all! 

Case IV: 

When r < +1 or r <-1 none of 	these data points lie exactly on the line, but on the 

whole the line 	fits fairly well (figure .z). 

Note: * 	 In both cases the all data points lie exactly on a straight line (How accurate you 

are?)
 

Calculation of correlation coefficient 

r 	 n1;xy - UXLy
 

llnlEX1 - ().x)'l lnLy7 Y)
 
1. 	 Tabulate observations according to the following format.
 

2
2. Calculate Ex, Ey, )xy, )2x, E2y2 from the table. 

3. Plug-in 	the formula given for r. 
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(,'rAT 	 4: SAMPIING, PROCESSING AND VIItSERVATION 

. I introduction 

Mcaningful assessment of water quality depends on a variety of factors such as 
monitoring design, sampling, processing, pre-treatment, shipment to laboratory and 
laboratory analysis. This is particularly crucial for some physical, chemical and 
biological analysis undertaken on water samples such as, pH, trace elements, micro
nutrients (e.g. nitrate, phosphate, ammonia). lrrors can occur from field operations to 
laboratory analysis. Contamination in common errors occurs during sampling, filtration 
and laboratory analysis. In the case of field measurements (e.g. p1i, conductivity, 
temperature, salinity, etc.), uncalibrated operations will provide erroneous results. 
Understanding of hydrological regime also fairly important to ensure meaningful field 
operations. lxoss of labels ancl break of containers arc also commonly occurring sources 

of errors in the water quality assessment processes. 

It is 	 also necessary to follow recommended procedures to avoid collection of 
unrepresentative samples. l'ach method or sampling gear (apparatus) has appropriate 
procedures which should be followed accurately at every sampling occasion. In addition, 
simple basic rules such as avoiding Any unnecessary disturbances of the site prior to 
sampling (e.g. by standing inwater an(l washing hands before sampling) nusl be 
followed, Itis important to note that. the sampling procedures depend largely on the 
nature of the monitoring programme and the, site to be sampled. 

4,2 	 Sampliig Strategies 

Water sampling is fairly straightforward although certain factors must always be taken 

into account.. F or example: 

a. 	 obtaining an adequate volume of samples
 

b. 	 cleanness of saiuplers and containers 

c. 	 collection of samples into a container with respective analysis (c.g. 

determinat.ion of oxygen) 

(I. 	filcraion samples inthc.caw of dissolved (onstl.illlltS
 

3"/ 



C. 	 appropriate method of slorage and 
f. 	 quick shipment to the laboratory 

4.3 	 Surface Water 
True surface water bodies in Sri Lanka are mainly rivers, estuaries and lagoons. Villus 
in the floodplain and marshes are also natural in form but transitional or seasonal in 
nature. It should be noted that Sri Ianka has no lakes. Reservoirs are anthropogenic 
in origin and intermediate forms between rivers and lakes. Shallow irrigation tanks are 
fairly different from reservoirs. Smaller irrigation tanks which are commonly known 
as village tanks are rain fed shallow pools. Several perennial pools can be seen in 
Ilortan Plains, the highest altitudanal place of the country, and their origin is unknown. 
A unique trope of surface water in rock pools popularly known as "Kema" is located in 
the southeastern part of the country. 

4.4 	 Samplers 

Bottle samplers: 

I .	 Iriedinger 

2. 	 Van )orm 

3. Ruttner 
Suitable for open waters. Ihnables sampler to he collected from discrete depths. 
Ilowever, thc.se sainplcr: arc expensive unless manufactured in house. 

,i,5 	 , ag'upling 

4..'. 1 	Sanp/inrgfor physico-chemical analysis 
Samples for physico-chemical analysis (i.e. temperature, conductivity, pl-I and oxidation 
reduction potential) will seldom create problems. Hlowever, attention must be paid here, 
to changes caused by access or escape of gases. 
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4.5.2 Sampling Jfrchemical analysis 

The choice of bottle material and bottle siye to suit the intended purposes of the analysis 

in important variable components such as Fe" t and cyanide, oxygen and free CO 2 must 

be determined at the time of sampling. 

4.5.3 Sampling for Microbiolo ical analysis 

Secondary infection or technical errors in sampling can falsify the accuracy of the entire 

microbiological investigation. It is therefore of decisive that sampling should be...... 


carried out expertly.
 

As a rule sterilized glass-stoppered bottles covered with aluminum foils should be used
 

to collect samples
 
Bottles used for sampling chlorinated water must be treated (0.25 ml of 0.01 m
 

thiosulfate for 250 ml ..... ) with sodium thiosulfate before sterili7ation
 
In the case of drinking water, taps must be initially cleaned mechanically and
 

subsequently be flamed until it is completely dry
 
In order to prevent changes in microbiological quality of the water, samples must. be
 

transported in insulated boxes
 
The samples should be examined immedialely on arrival al. the laboratory. If this is not.
 

possible in exceptional circumstances the samples should be stored at 4 "C. Ilowever,
 

storage time should be minim urn
 
If' the lime span between sampling and investigation is too long the bacteriological tests
 

will have to be carried out in situ
 

4.6 Sample treatment and storage 

Collected samples can be contaminated by inadequately or inappropriately cleaned 

glassware, filters filter apparatus, chemicals used for preservation elc. Thus care must 

be taken in the cleaning of equipnment. and in the checking for purity of chemicals used. 

Wat ,i quality variables which should be determined in th(, field imniediately after 

saimilH.i, need in(livi(Ilil ...... whicl cani )tc used [oi lurlher analylical work. In 
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addition 'ield analytical operations should follow a defined ,sequence in order to avoid 

contamination. For example conductivity must not be letermined after measurements of 

p11 in the same water sample. Because concentration of electrolytes from the reference 

electrode used in the p-I determination may enter the sample and affect the conductivity 

measurement. 

During the field operations, periodic blank samples (one blank for every ten water 

samples) are required to determine errors arising from contamination. Usually for this 

purpose a distilled water sample is subjected to all the operations undertaken for the 

environmental sample such as filtration, storage and preservation. The blank is shipped 

with the other samples to the laboratory for analysis. When blank tests show evidence 

of contamination, additional investigations must be need during the next round of 

sampling. 

Preservation of samples may be necessary in individual ease. The best form of 

preservation ofra sample is a rapid investigation of the water sample after sampling. This 

should take place in the laboratory as far as possible not later than 2 days after sampling. 

l)uring the transportation and until commencement of die investigation the water sample 

should be. stored in cool condition at around 4 C. 
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CHAPTER 5: ANALYTICAL PROCE)URES 

5.1 	 Introduction 
There are a number of important points related to water analysis which are rarely 

mentioned in analytical manuals. Firstly, when a method is tried for the first time or 

when it is restarted after a break of some time, the precision (reproducibility) and 

accuracy are unsatisfactory-. Simply repeating the procedure with no deliberate changes 

will often restore the earlier reliability. But it is wise to assume that the first batch of 

measurements will not be satisfactory and to avoid including samples which cannot be 

repeated. Secondly, it should be constant practice when new standard solution is made 

to check it against the old one and sufficient amount of the old one should be kept for 

this purpose. This is necessary even when commercial standard solutions are used. 

Thirdly, the analyst should consta:ntly be seeking to match the precision and accuracy of 

his analysis to the needs of his problems and limitations of the sampling programme. It 

is usually waste of money to strive for accuracy ± % if the samples are unrepresentative 

or have the standard deviation of 10% or if the problem involves the comparisoi of two 

samples which differ in concentration by a factor of 10. 

Even within a single procedure there is a scope for judgement. 

The standard solution may have to be made with accuracy ± 0. 1% and the -iCI used to 

make the solution acid may need to be a accuracy no better than + 10% but it may have 

to be dispensed in amounts which have precision (reproducibility) ± 0.5%. 

The acid should be made up rapidly in a measuring cylinder and dispensed with an 

automatic dispenser. But if the laboratory needs stocks of both 0. 1M and 0. 100 m 1-CI 

then using the more accurate 0. 100 M solution for all purpose may cool less and cause 

few mistakes. 
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5.2 Physical Paraineteii s
 

COLOR Spectrophotometric
 

Interferences Slight amounts of turbidity may interfere 

1. 	 Background 

1.1 	 The method is applicable to drinking, surface and saline waters, domestic and
 

industrial wastes
 

2. 	 Apparatus 

2.1 	 Spectrophotomcter
 

2.2 	 Filtration system
 

2.21 	 Filtration flasks, 250 ml with side tubes
 

2.22 	 Crucible holder
 

2.23 	 Filter crucible
 

2.24 	 Vacuum system
 

3. 	 I,,agnts 

3.1 	 IUil (r aid- Cclito No.505 or equivalent
 

4. 	 Procedure 

4.1 	 Ilse two 50 ml samples, one a( the original pHl and.thc other at 7.6 p'1 at. room
 

tcrnperature (use stilfuric acid or sodium hydroxide to adjust the pl I)
 

4.2. 	 Reimove excessive quantities of suspended materials by centrifuging
 

4.3 	 I'icat each sample as flblows
 

4.31 	 Thoroughly mix 0. I g !illcr aid in a 10 nil portion of centrifuged sample
 

and filter to form a precoat in the filter crucible
 

4.32 	 I)irccl filtrate to waste flask
 

4.33 	 Mix 40 mg filler aid in a 35 nil portion o" centrifuges sample
 

4.34 	 With vacuum still on fillter through th', precoat and pass filtrate to waste
 

flask utlil dcal
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4.35 	 l)irect clear filtrate flow to clean flask and collect. 25 ml for the 

transmittance determination 

4.4 	 Thoroughly clean 1 cm absorption cells with detergent and rinse with distilled 

water 

4.5 	 Rinse twice with filtered sample 

4.6 	 Fill cell with filtered sample 

4.7 Determine transmittance values at certain selected wavelengths 

5.. Calculation 

5.1 	 Express color characteristics in terms of dominant wavelength (Refer the table) 

Wavelength Range (nm) Colour 

400-465 Violet 

465-482 Blue 

482-497 Blue-green 

497-530 Green 

530-575 Greenish yellow 

575-580 Yellow 

580-587 Yellowish orange 

587-598 Orange 

598-62(0 Oragne-Rcd 

620-700 Red 

Note: * Since biological activity may change the color characteristics of a sample, the 

determinalion should be made as soon as possible. 
• 	 IRefrigeration of samples at 4')C is recommended. 

Reference
 

I1. Standard methods for the examination of water and wastewater, 17th ldition, 1989.
 

2. 	 lFPA/600/4-79/020 Methods for chemical analy;is of water and wastes
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TEMPER ATURE Thermometric 
Celsius 

1. 	 Background 

1.I 	 The method is applicable to drinking, surface, and saline waters, domestic and 

industrial wastes. 

2. 	 Apparatus 

2.1 	 Mercury-filled celsius thermometer 

2.2 	 Thermometer should have a scale marked for every 0. IOC 

3. 	 Reagents 

Not required 

4. 	 Procedure 

Direct measurement from the instrument 

Note: 	 * Measuring device should be routinely checked against a precision thermometer 

Reference 

1. 	 Standard methods for the examination of Water and Wastewater, l7thEdition, 1989. 
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TURBI)I'Y Nephelonetric
N'l'UJ 

linear range 0 to 40 NTU 

Detection limit 0.02 NTU 
Interferences Presence of floating debris and coarse sediments which settle out 

rapidly will give low readings 

Finely divided air bubbles will affect the results 

The presence of true color that is the color of water which is due 

to dissolved substances which absorb light will cause turbidities to 

be low 
Precision and Accuracy For surface water samples at levels of 26 and 41 NTU the 

precision was reported as 2% 

1. Background 

1.1 The method is applicable to drinking, surface and saline waters 

2. Summary of method 

2. I The method is based upon a comparison of the intensity of light scattered by the 

sample with the intensity of the light. scattered by a standard reference suspension 
2.2 The higher the intensity of light scattered, the higher the turbidity 

3. Ap~arar? 

3.1 Turbidimetcr consisting of a nephelometer with light source and a photoelectric 

detector 

3.2 Clear, colorless glass sample tubes 

4. Reagents 

4.1 Turbidity free water 

4.2 Stock fornazin turbidity suspension 

4.3 Standard formazin turbidity suspension 

4.4 Alternate standards 

5. .kijQ.praion of slandards 

5. 1 'l' -bildity 1'l'ec, WaIc4 
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5.11 	 Pass distilled water through a 0.45 u pore size membrane filter
 

5.2 	 Stock formazin turbidity suspension
 

5.21 	 Solution I.-Dissolve 1.00 g hydrazine sulfate in distilled water
 

5.22 	 Dilute to 100 ml in a volumetric flask
 

5.23 	 Solution II - Dissolve 10.00 g hexamethylene - tetramine in distilled water
 

5.24 	 Dilute to 100 ml in a.voluineric flask
 

5.25 	 Mix 5.0 ml solution I with 5.0 ml solution 11 in a 100 mi volumetric flask
 

5.26 	 Allow to stand 24 hours at 25 ± 3C, then dilute to the mark and mix
 

5.3 	 Standard formazin turbidity suspension
 

5.31 	 Dilute 10.00 ml stock turbidity suspension to 100 ml with turbidity-free
 

water
 

5.32 	 Dilute portions of the standard turbidity suspension with turbidity-free
 

water as required
 

6. 	 Cal ibration 

6.1 	 Follow the manufacturer's operating instructions
 

6.2 	 Check accuracy of any supplied calibration scales on a precalibrated instrument
 

by using appropriate standards
 

6.3 	 Run at least one standard in each instrument in the range to be used
 

7. 	 Procedure 

7. I 	 Turbidities less Ihan 40 units 

7. II 	 Shake the. sample thoroughly to disperse the solids 

7.12 	 When air bubbles disappeared, pour the sample into the turbidimeter tube
 

7.13 	 Read the turbidity dirctlly from the instrument
 

7.2 	 Turbiditics exceeding 40 unLits
 

7.21 	 )ilute the. sample wilh one or more volumes of turbidity free water until
 

the turbidity falls below 40 units
 

7.22 	 The turbidity of the original sample is then computed from the turbidity
 

of the diluted sample and the dilution factor
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8. Calculation 

8. 1 Multiply sample readings by appropriate dilution to obtain the final reading 

A X (11 + C)

Nephelomctric turbidity units (NTU) =------------


C
 

Where, 	 A = NTIJ found in diluted sample
 

13 = Volume of dilution water, ml
 

C = Sample volume taken for dilution, ml
 

Reference
 

1.. Standard Methods for the examination of water and wastewater, 17th Edition, 1989.
 

2. EPA/600/4-79/020 Methods for chemical analysis of water and wastes. 
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SALINI T'Y l,,c'trical condictivity 

Precision and accuracy Precision of-salinity ± 0.0002 

1. 	 Background 

1.I The method responds only to ionic solutes. For all dissolved solutes use density 

method 

2. 	 Summary of method 

2.1 	 An indirect method involving the measurement of conductivity 

2. 	 Apparatus 

2.1 	 Conluctivity bridge, range I to 1000 pnmhos/cm 
2.2 	 Conductivity cell, cell constant 1.0 or micro dripping type cell with 1.0 constant 

2.3 	 Thermometer 

3. 	 Reagents 

3.1 	 Conductivity water 

3.2 	 Stanlard Potassium chloridc solution (0.01 M) 

4. 	 1l"-Pairaion ot slandards 

Rder 	conducti ivity 

5. 	 ('alibratioi 

Refer 	condtiet iviy 

6. 	 .l1roced iure 

R(e'er conduct ivily 
7. 	 ('1l1Cula~ioll 

ao bf(t)
Salinity S 	 -. 5X -I-- 2 1 -I y ' + y 2 

Where, So.%. value determined from the practical salinity scale 
0.008
 

b) : 0.0005
 
__ 	 400 R,

Y 1O0 R
((t)( - I5)/1 .1 0.0 162 (. 15)

t. temperature in celcins 
fRcerent:( 
I. ...	 ,l , fldiImLllccs III(., cA,S. 	 IoI xa 1ji1ri, 1 o01 watlCr a1d wV ISItWaL.r, I'/Ih Ikditiou, 1989. 
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ITOL)'['A 	 ,1 tARDt NFSS Titrinletric
 
rng/I as Cia('()
 

nc,
I,incar All concenlrat.ion ranges 

Interference Metals may intefrkr 

IPercision and Accuracy lor-syntheic waler samples containing increments of 31 and 444 

mg/I CaCO: , the precision was reported as 9% and 2% 

respectively 

The accuracy was rcportcd as -0.87 %and -3.23 %respectively for 

Ohe above two samples 

1. 	 Backsiround 

1.I 	 The method isapplicabl, to drinking, surface and saline waters, domestic arid 

industrial wastcs 

2. 	 Suimaryof method 

2.I nlcinur aind magi;.JilrlT ions in the sampIc. are titratd upon the add lion of 

disodium ClIIhyleIedililInC Itraacclal.e 

2.2. lhc c.(1 point is (ilccid 1y.,mleaiS of I riochroinc, Illack indicator 

:3. .ppa aj sliJ 

3.1 	 Sili(Iai(I lihoratory Iitiii,.IrfCqti tc_. ilmI)i 


41. 	 J.(Ilfenls 

4.1I 	 fu 11e soltilioji 

4 . I 	I il 'i1)i(()1 s l 

4.3 	 Imid icllor(; 

4.4 	 Sandird IDIA Imrnt 

4..' 	 Anmrinoniun Ilydroxidle 

5. 	 Irparition tf s a,';dardk 

5.1 	 lMn fTr solutio 

5.1 I 	I mnla)rcsimii I,] )'A isavailabc., dissol v 16.9 p,NI I.(1 in 1413 miii ceho. 

ll i i ) ll 	 m 'I.1 ,)11 ' volil iii.ln W ;Idd I. offi )iinapii:-;il i:,Ilt( I.i I 
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;111(1 dll l Ow, 1111( k w fII. Ic 'lll(c(,I;I( 

5. 12 I' t-i ('s 11II ) /\ uimva Ill)l'., (issolv . I.'/9g. ( diLiin; I D AIA ;ill(] 

V8() nip, K14,S(),.7l1,) itn 5() iI disi illcd walr. Add thissolutilon to i 250 

iiI voluntrillic il,k olai irj' 16.o) 	 it)lg NI 1,(I and 14. c'ic. NI I.(01 

with mixill iilute to I li mark wih (iislilled(wa ltr 

5.13 	 ;Iore Ihese solutions i lightly sto)ppered plasdic hol.tles (discard tiis 

scilulion whln I or 2.ml latce to produce a pll of 10.0 + 0. 1at the end 

P(oint). 

5.2 	 Inhibitor 

5.2! 	 I2hiliior I . NA(N powder 

5.22 	 Inhibior II I)issolve 5.0 g NaS.911,0 or 3.7 g Na2S.5 120 ill 100 al 

list illed water. Ik'xclud ili- wilh tighl.1y Iilted rubber stopper 

5.23 	 Inhibitor IllI )issolve. d.') ),,hydroxylaini hydrochloride ii 100 iril of 

()'5% ethanol oir isopropanol 

5.3 	 I l(i(Dl) lisi.cit caolliliiCcially available Indicalor such as ( tlallJil(e 

).'1 	 ,l (llal(l IIdIA Illalil (0.0? N) 

.1t 1 aw 'i./2 'i iilyiieal ciclul gradc (lisodlinili ethyl ia 1iiilil]( 

I( lu (l law dlilli ;11(c i, ( ) 1:().N , 1 0( ill ;i I litc:r volim tii'.ric.; 11,;k 

: D,1t dill mI()lw liik I l.:!Illc.d \v;ll. 

: . 11:11i1ld~llidlitt' O wi ,w)l lli v illi ;I;iilId;li(I ('ilo.t l. linll i by. ;I H1ll:1l10 11 

: ! '),;I~lw 11) Im( lycill .1c~i, , h ll.:, 

. ., rilli ~~lld i l c( :;tll() (H N))~ l~m 


A). 1()1I1 il,, .ld l It( Il 1'( illItll 


.I occ.d i i I' 
' 0'.1 	 Pkiclr( ).) iliml 1lill1Hvilrf ]Nfr V(SN.!;4 liciiilil l /,(', "11(h I N tirm m olliduml hychox 1(1(, 

6.. 	 I)iltill It ;lluujl !)() rll 

0' ." Add IoI , mlll hulkli A !, ui '(i 
0I. ! 1 1 (. 1i1dlp m ili! v ,; il W s ;l il l ) ( ; :, 6h . 'r lil ii1 hyV1)1';l¢'l ic ,c'r llll ) .;" I d i l l~l l illl1 '.d 	 ; if Il m ,i p ( 

0¢ 	 A/ dd I ] ,i .> lloplif Mi(11 ,;io i (;ifllllioll) 

,I,(
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6.6 'lil.ratc slowly with (:oIiiiniuoLs si-irrinp, wil.h slandaid I,;l)'IA filrai until last 

reddish tint disappears. Solution is normally bILIC at end poili) 

7. Calculation 

Hardness (liTA) as mg (aC.Ol = 
A x BIx 1000 

nil sample. 

Where, A volume of lI)'I'A itrant for sample in mi 

1= mg CaCO:, equivalent to 1.00 ml 1EDTA titrant 

Note: For low hardness, a large sample, propotionately larger amounts of buffer, 

inhibitor and indical.or must he used. 
* 	 Inhibitors are used .o reduce the metallic interfcrenees. 

To avoid large litration volutimes, use a sample aliquot conlainig not more than 

25 mg Ca(C(: 

Refereice 

I. I1A/600/4.79/020 Mcthods for chemical analysis of water and wastes 

2. 	 Stan(lard met hods for the examination of walr and wastowalor, 171.h IEdition, 1989. 
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I [.A1 	 PO -cii6o1eic
[)ll uni(s
 

Interferences 	 )issolved gases such as (') 2 , 112S or NI I.may contribute acidity 

Solids and oily matter may coal the glass clectrode 

Presence of oxidizable or hydrolyzable ions may interfete 

Na may interfere at plI levels greater than 10 

lIPccision & Accuracy: A precision of ± 0.02 p1l unit and an accuracy of +0.05 plI units 

can be 	achieved. 

I.	 Background 

1.1 	 This method is applicable to drinking, surface and saline waters domestic and 

industrial wastes and acid rain 

2. 	 Summary of-mn.ltod 

2.1 	 'he pll is determined by clectrometrically using either a glass electrode in 

comnhinal ion with a refrncc elec-trode 

3. 	 Appura hs 

2.1 	 pl Imte.lr iho-ratory or field model 

2.2 	 (;li:as elctiluch: 

2.3 	 I rr 'n.(n(((ch caloniclc, silv'r silver chloride or other reference electrode 

2..4 MAagnchil :;Ifrrcv and 'Ic lion-coal cd stirring bar
 
2,.!) '1'ht'rmnH 1(1
 

'1. 	 lI.ag'rnt.
 

/.I 	 Salturatd I'ota.Issiinlm Chloride soliiotli 

4.2 	 Slandhrd poa ,simnm ehl)ridc, soht'li] 

4.3 	 l'olassiu muhydr'ogen phtlalate sot itn (pl --4.004) 

41.4 	 Sodium brate (ecahydrat. solution (pl 1.. 183) 

1.5 	 ,aturaled (Clc'iumn hydroxidc solhitmon (pI1.12.454) 



5. 	 Prepartion of stanudards 

5.1 	 Standard Potassium chloride solutioin 

Boil5. I 	 B and cool distilled water (conductivity less than 2 ;Lmhos/cm) 

5.12 	 To 50 nil of water add I drop of saturated Kcl solution 

5.13 	 If the pH1 is between 6.0 and 7.0 use it to prepare all standard solutions 

5.2 	 Potassium hydrogen phthala solution (p1-4.004) 

5.21 	 )issolve 10.12 g of potassium hydrogen phthalate in distilled water 

5.22 	 Dilute to 1000 ml 

5.3 	 Sodium borate decahydrale solution (p-1-9.183) 

5.31 	 I)issolve 3.80 g of sodium borate decahydrate (borax) in distilled water 

5.32 )ilute to !(0) ml 

5.'1 Saturated Calcium hydroxide solution 

5.41 	 l)ry Ca(Ol 1), at I10;C cool and pulverize to uniformly fine granules. 

5.42 	 Vigorously shake an excess of fine granules with distilled water in a 

stoppered polyethylene bottle. 

5.43 	 Let temperature come to 25 C after mixing 

5.44 	 I illcr supcrnatant under suction through a sintered glass filter of medium 

por sil.y and use tiltrate as the bu ffer soltlion. 

6. 	 Cal ibraio 

6. I Itiach irment/c.trocic systemr must be calibrated with minimum of 2 buffer 

solutions havin , pHl values approximately three: p1l units apart. from the expected 

pll of IIte sample. 

1. 	 PI-occ(11mm c' 

7. 	1 I'pei'.l(;ctrodce w(,t by retrlnirig Ihem to storage solution (st.d. K;I solution) 

whenever p1l meter is not in use 

7.2 	 Standardize the meter and electrode syslem as omitlined in Chapter 1.5. 

7.3 	 IPlace Ithe sample or hIufter solution in a clean glass beaker using a sufficient 

voliuli to cover th('c Se'lsing elenients of the(. (clclrodes 

' e . tc.,rnipr;ltmil clifl'rs b1 o ali;in )"C I. 

iilI ',11(d l 11 V !l I11(.:, 111i !, I r (.() d'1(',€1. 

7.4 	 11 s;irpl )), : troui bufTer solution tIhe. 

c11" 
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7.5 	 Al'ir rinsing and gcn iy wiping (lih, (dlctrodcs, it ncccssray, in/inirse 1herin 111 

the sample and stir ai a constant rate to provide honmogeicuity and suspension Of 

Sol ids 

7.6 	 Note and record sample pl I ad temperature 

7.7 	 Repeal. measurement. on successive volumes of sample urlil valucs differ by less 

thal 0. I p11 units. Tlwo or three Volume changes are usually sufficient 

8. 	 Calculation 

8.1 	 pll meters read directly in pi1 units 

8.2 	 Report p1I to the nearest 0. 1 unit. and temperature to the nearest. "C. 

Note: 	 * lectrodc coatings can he, removed by gentle wiping or detergent washing 

followed by distilled water rinsing. An additional treatment with hydrochloric 

acid may be necessary to remove any remaining film. 
• 	 Interference by sodiun can he eliminated by using a low Sodium error electrode 

Reference 

I. 	 Standard metiods for the 1'xanination of Water and Waste Water, 17th lIditio.n, 1989. 

2. 	 l'PA/600/t-79/02()0 Methods for chemical analysis of waler and wastes 
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(.ONI)UCTIV ITY'
 
Micronfhos/crn
 

Interferences No significant interferences
 
Precision and Accuracy For synthetic water 
 samples containing increments of inorganic 

sails with specific conductance of 100 and 1710, the precision was 
reported as 8% and 7% respectively 

The accuracy was reported as -2.02% and -5.08% respectively for 

the above two samples 

1. 	 Background
 

Method is applicable to drinking, surface and 
 saline 	waters, domestic and industrial 

wastes
 

2. 	 Summary_of method 
2.1 	 The specific conductance of a sample is measured by use of a self-contained 

conductivity nicter, Wcast.onc type or equivalent 
3. 	 Appratu 

3.1 	 Conductivity b)ridge, rangc I to 1000 Itmhos/cm 
3.2 	 Conductivity cell, cell consiant 1.0 or micro 	dipping type cell with 1.0 constant 
3.3 	 Thermomcter 

4.1 	 Conductivity water
 

4.2 	 Standard potassitin] chloride solut.ion (0.01 M) 
5. 	 1)rcpratilofsfa(Iarcds 

5.1 )issolve 0.7456 g of pre dried (2 hours at 105'C) 

lKcl in distil!cd water and dilutc to I liter at 25(C. 

6. 	 Calibration
 

6.1 	 Instrument must be stanclardixucI with KCI solution before use 
6.2 	 Accuracy o lhcell constant and conductivity bridge should be checked with the 

N1,111dard !) .1r;khl-ll 	()11i1r 

5?.,
 



'/. Irce_Oureti 

'I. I Rinse cc'11 wilh one or more portions of sampic: 

7.2 Adjust temperature of a flinal portion to 25.0 :J- 0. 1 C 

7.3 Measure sample resistance or conductivity and note temperature 
Note: * Temperature variations and corrections represent the largest source of potential 

error. 

References 

1. Standard methods for the examination of water wastewater, 17th edition, 1989. 

2. EA/60()/4-79/020 Methods for chemical analysis of water and wastes 
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SUSIPENI)ED SOILIDS 	 Gravinetric 
mg/I 

Linear range 4 mg/I to 20,000 mg/I 

Interferences Samples high in dissolved solids may cause a positive interference 

Precision and Accuracy Preeision data are not available 

I. 	 Background 

1.1 	 The method is applicable to drinking, surface and saline waters, domestic and 

industrial wastes 

2. 	 Summary of method 

2.1 	 A well mixed sample is filtered through a glass fiber filter and the residue 

retained on the filter is dried to constant weight at. 103-105')c 

3. 	 Apparatus 

3.1 	 Glass fiber filter discs without organic binder 

3.2 	 Fillering apparatus with reservoir and a coarse (40 -(AJ microns) frilted disc as a 

filler support 

3.3. 	 Suction Ilask 

3.4 	 I)rying oven 103- 105u(' . 

3.5 	 I)esiccalor 

3.6 	 Analytical balance capable of weighing to 0. I.mg 

4. 	 Pr.cedure 

4. 1 	 IPreparation olf'plass fibr filler disc 

4.11 	 Pace th(ec glass i hfer fil ter on ihei.mntel)rane ilter aparatus or inserl inlo 

bol.tom of a suilablc (ooch crucible with the wrinked surface facing 

upwards 

4.12 	 Whilc. vacuum is applied, wash the disc with threc successive 20 ml 

volumes of distilled waler 

4.13 	 Aftcr wal.r has passed through,rc.movc all traces of watoi by conluillots 

;tlpplicanoll()[l v;I(.1111111 
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4.14 	 Remove the filler from membrane filler apparatus or I)oth crucible and 

filter if Gooch crucible is used, and dry in an ovein at. 103. IO.Y( for one 

hour 

4.15 	 Remove to desiccator and store until needed 

4.16 	 Repeat the drying cycle until a constant weight is obtained 

4.2 	 Selection of sample volume 

4.21 	 For a 4.7 cm diameter filter, filler 16) ml of sample 

4.22 	 If weight of captured residue is less than 1.0 mg tie sample volume must 

be increased to provide at least 1.0 rug of residue 

4.23 	 If other filter diameter are used, start with a sample volume equal to 7 

ml/cm2 of filter area and collect at least a weight of residue propotional 

to 1.0 Ing 

4.3 	 Assemble the fillering apparatus and begin suction 

4.4 	 Shake tie sample vigorously and quantitatively transfer the pre-determined sample 

volume selected in 4.2 to the filter using a graduated cylinder 

4.5 	 Remove all Iraces of waler by continuing to apply vaccum 

4.6 	 Wilh suction on, wash lhe graduated cylinder, filter, non filterable residue and 

filler funlIel wall wilh .hrc. voltic port ios of distilled water allowing complele 

(ra inage betWecn washili 

4.7 	 Remove the ilt.er froni Ihc filler suppor.. Remove crucible and filler froii 

cruciblC adaptCr 

4.8 	 I)ry at leasl for one hour at 103- 10 5"( in an oven 

4.9 	 Cool in a desiccalor and weigh, Repeat hc. drying cycle, until a constalt w(,ipghl 

is ( )tainecd 

5. CalcuIlti0o1 

(A.1) 	x 1000 
Non filterable 	residue, mg/I . 

C'
 

Where. 	 A :-- weight of filler (or filler .1 crucible) I residue in ing 

IB weigh. or filIter (or filler I cruciblc) in ng 

Cii : volunn' ()I sa ltlh I(ile i, iniln 
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Nil.: Non representative particulates such as leaves, sticks, fish and urmps of facal 

matter should be excluded from lhe samplo i Ilicir inclusion is rlo( dc;sired in final 

result. 
* Preservation of sample is not practical.
 

* 
 Care must be taken in selecting the filtering apparatus so that washing of the filter 

and any dissolved solids in the filter minimize the potential interference. 

Reference 

1. LPA/600/4-79/020 Methods lbr chemical analysis of water and wastes 
2. Standard methods for the examination of water and wastewater, 17th Ulition, 1989. 
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'T'OTAL I)ISSG(V1') SOIJi)S 	 C ravimefric 
mg/I 

linear range 10 mg/I to 20,(X)0 mg/I 
Interferences Highly mineralized water and samples high in bicorbanate may 

interfere 

Excessive residue in the dish may form a crust which entraps 

water that will not be driven off during drying 
Precision and Accuracy Precision data are not available 

I. Background 

1.1 The method is applicable to drinking, surface and saline waters, domestic and 

industrial wastes. 

1.2 The method can be used for the solids capable of passing through a glass fiber 

filter and dried to constant weight at 180'C 

2. Summary. of method 

2.1 A well mixed sample is filtered through a standard glass fiber filer. The filterate 

is dried to constalnt welpghl. 1118'c. 
3. Appaat,u 

3.1 Glass fiber filler disks without organic binder (4.7 cm or 2.1 cm) 
3.2 1Filter holdcr, membrane. filter funricl or Gooch crucible adapter 

3.3 Sticlion flask, 5O)O nl
 

3..4 (Gouch crucible, 25 niI (if 2. I cr filler is uscd)
 

3.5 Iwxaporaing dishcs 	(porcclain, 100 ml volume) 

3.6 Steam bath 

3.7 )rying oven, 180"C I 2C 

3.8 )esiccat.or 

3.9 Analytical balance 	capable of weighing to 0. 1 mg 

4. 	 I-rocdur ,. 

. l p,,Ifs! f l, fileler disc 

00{
 

http:esiccat.or


4.11 	 Place the disc on the mcinbrane filter apparatus or insert into hoitoin of 

a suitable (ooch crucible 

4.12 While vacuun is applied wash the disc wilh three successive 20 ml 

volumes of distilled water 

4.13 	 After water has passed through, remove all traces of water by continuous 

application of vacuum. Discard washings 

4.2 	 Prepartion of evaporating dishes 

4.21 	 Heat the clean dish to 180 ±2 C for one hour 

4.22 	 Cool in desiccator and store until needed 

4.3 	 Assemble the filtering apparatus and begin suction 

4.4 	 Shake the sample vigorously and rapidly, transfer 100 ml to a funnel by means 

of a lfO ml graduated cylinder 

4.5 	 I,'ilicr the sample through the glass fiber filter 

4.6 	 Rinse with three 10 ml portions of distilled water and continue to apply vacuum 

for about 3 minutes 

4.7 	 'l'ransfer 100 ml of"the fillerate to a weighed evaporating dish 

4.8 	 I'vaporate to (lryness on a steam bath 

4.9 	 I)ry the evaporau.,ld sample Ifr at Ieast one hour at 18) + 2"C in an oven 

4.10 	 :ool in a desiccator ;ancd weigh. Repeal the drying cycle until a constant weight. 

:%oblaincd or until weight loss is less than 0.5 mg 

.i. CalculatIl0 

(A.-I) 	 x 1000 
IFilterahlc: residue, ,/I ..............
 

C 

Where., A weigh( of Ihe driedI rCsidltCie dish in rug, 

- weight of Ihe empty dish in rnp, 

C volume or sam0le used in ml 

Note: 	 Irelscrvaion ol i[hc sairiple is not practical, analysis should begin as soon as 

Possible 

Refrigeration or cooling to 4(C, to mininize microlhiological dccomposition of' 

. I(Id s 	is jico "11(iCil'd,d 

(if 



* 11 ighl Iy mineral ized and samples conlaining high concen rations ol'bicarbonale will 

rc,u ire prolonged drying at 180"C 
* 'tolal residue in the evaJora!ing dish should be limited to about 200 mg 

Reference 
I. EPA/600/4-79/020 Methlods for chemical analysis ef water and wastes 

2. Standard mel.hods Fbr the examination of water and wastewater, 17th Edition, 1989. 
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5.3 	 Metals 

ALUMINUM Chelation Exlraction-Atomic Absorption 
/Ig/l Instrument parameters 

Aluminum hollow cathode lamp 
Wavelength 309.3 nm 
Fuel - acetylene 
Oxidant - Nitrous oxide 
Type of flame -

Linear range 10 Ag/l to 300 ,g/I 

l)etection limit 0. 1 mg/I * 

Interfierences Iron cocentrations above 10 mg/I will interfere 

Magnesium forms an insoluble cjuinolate at pli 8 

I'ii ani accuracy 	 IFor reagent water samples containing 50 and 300 tzg/I aluminum, 

the precision was reported as 12% and 10% respectively 

The accuracy was reported as +5.8% and -3.5% for the reagent 

water samples containing 40 and 275 /4g/I of aluminum 

respectively 

1. 	 L3ackground 

S1 T'he melhod isapplicablc to reage.w. and ilaural waters 

1.2 I.imitecl to waters containing less than 10 mg/I of iron 

2. ~ Stn.1--iry of mre.thod 

2. I 	 Alilininl is eX r;c(l( aI1llr (.he.lit ioi with 8. Ilydroxy(Iliniolin' into 

rnetliylisoh)ilyl kctli ic 

2.2 	 Ih. cIxtrnitl is ispirawdclirectly rit a nitros- OXidle acelylene flanie 

3. Apparatus 

3.1 	 Atoli ittsorpliion spectropllonioetcr ('FOr ise at 309.3 uni) and associated 

,1. .e!ge_ lst 

A ltli on/.. ,il ird
 /I.I limil .olll 
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4.2 	 Aluminium solution, working
 

4.3 	 Concentrated anlriniturr lydroxidc
 

4.4 	 Ammofninoin hydroxide-am moni iurn acetate buffer
 

4.5 	 Concentrated hydrochloric acid
 

4.6 	 8-hydroxyquinolinc solultion
 

4.7 	 Melhylisobutyl ketone (MIIK)
 

4.8 	 Concentrated nitric acid
 

4.9 	 Nitrous oxide
 

4.10 	 Air
 

4.11 Acetylene
 

Preparation of standards
 

5. I 	 Aluminum solution, standard (I ml 100 /.g Al) 

5. I 	 DDissolve 1.758 g of aluminum potassium sulfale in water 

5.12 	 Add I ml of nitric acid
 

5.13 	 l)ilute to I litre,
 

5.2 	 Aluminun solution, working (I ml - 1.0 Ixg Al)
 
5.21 	 I)ilutc. I0 nl of aluminum s:!nclard solution, adding I ml of nitric acid to
 

I irc will \atl
 

5.3 	 Annonitii I yclroxid(,. an iiioniun acelal buffer
 

5.31 	 I)issolvo 200 g of ainnoniuin aelale in water
 
5.32 	 Add 70 nil of 'oiieiiralted aitioniuli hydroxide
 

5.33 	 Diluc t I ilre
 

5.4 	 8,-hydrox yqu inol , ;olwllonI
 

5.d1 I )issolvc 20) , hydroxyquinolinc in a mixture of 57 ml of glacial 

acelic acid and 20() ml of reagnt waler 

5.42 	 I)ilutae to I litre with water
 

5.5 	 M(ethylisoultyl ku.olit' (MlMK)
 
5.51I 	 MlItK Satiilad watl(r in a separalory funnel mix equal volumes of M113K
 

andl wter. p plu1ass c(arf'.ully
s hca 


.5J r lWa; l MIHK1 IIm iic froi S.,)l
K ise 1\r11ihasl 
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6 	 Cal ibrat ion 

6. 1 Prepare a blank and standards ranging in concentration I'roni 10 g/I to 3(X) g/l 

by appropriate dilution of the working aluminum solution 

6.2 	 EIxtract 100 ml of each standard and a blank as in procedure 

6.3 Plot absorbance versus concentration of aluminum 

7 Procedure 

7.1 	 Soak all glassware in hot. HCI (1+1) for 2 h. Drain and rinse at least 5 times 

with water. Drain and flush with methyl alcohol, ethyl alcohol or isopropyl 

alcohol 

7.2 	 Measure a well mixed acedified volume upto a maximum of 100 ml into a 125 

ml beaker 

7.3 	 Add 0.5 ml of nitric acid and 5 nil of hydrochloric acid 

7.4 	 Ileat the samples on ahot plate until the volume has been reduced to 10 to 15 nil 

(do not. hoil the samples) 

7.5 	 Adjus the p11l to 8 with concentrated ammonium hydroxide 

7.6 	 If necessary filler the samples into a 200 ml volumetric flask 

7.7 	 Wash the. Filler paper several times and bring lhe volume approximalely to 100 

7.8 	 Add 2 nl of 8 hydroxyquinolinc solulion and inix 

7.9 	 Add 10 ml of' bufftr solution to I sample and immediatel!y add 1() il of water 

saturated MIBIK 

7. 10 	 Shake vigurously ior 15 seconds 

7. I I 	 'lrca samples and s(anlailds alike 

7.12 	 Aler tlic layers have, scparatcd add Mll< saturated water to raise the keton. 

lay:r conmpll.lcly iMilo tlie nck of' th, flask 

7.13 	 Aspirate thc. ketoric layer inlto the nitrous oxidc acelylene Ilame and (clterninu, its 

abso rlbanc c Froni th calibration curve (aspirate wate-r saiurated M II,,K hec,lwcc 

samples) 

CaIcu lat iOn
 

Alimrlirn i;. L,/I ¢ X(I00/V) 

6S
 

8 



where: 	 C:: con-ce[raton Ion 1ronthe cirve in /g/l 

V volunic used in ml 

Note:* 	 Interference caused by magnesium can be avoided if the samples are extracted
 

immediately after they are buffered to p1l 8
 

Reference 

1. Annual 	Book of AS'I'M Standards. Vol. 11.01 Water (1), 1993. 
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CADMIUM 	 Chelation lExtraction-Atomic Absroption
gg/l 	 Inslrument paraineters
 

Cadmium hollow cathode lamp
 
Wavelength 228.8 nim
 
["uel -acetylene
 
Oxidaint-air 
Type of flame 

Linear range 5 - 200 ig/l 

Detection limit 0.002 mg/I 
Interferences Calcium concentrations above 1000 mg/I suppress the cadmium 

absorption 

High concentrations of other metals and sulfate chloroide and 

nitrate may interfere 

Precision and Accuracy 	 For natural water samples containing 30 and 160 tg/lI cadmium, 

the precision was reported as 23% and 13% respectively 

The accuracy was reported as -3.6% and -1..1 % for the natural 

water 	samples conlaining 77 and 29 ag/I of cadmium respectively 

I. 	 Background 

1.1 	 Me hod is applicable to surface and groundwater, domestic and industrial 

waslewaterl 

2. 	 SiRiin.ry ___.nt.ho.d(.1 

2.1 	 Cadmium is chealated with pyrolidine dithiocarbomic and extracted with 

cIhloroform 

2.2 	 The extract is trcatel with nitric acid to destroy organic matter and is dissolvcd 

in hydrochloric acid 
2.3 Total cadmium is then 	determined by aspi-aling a portion of the resulting solultion 

following hydrochloric nitric acid d igestion and filtration
 

ApparIatus
 

3.1 	 Atomic alsorp tl n Sl-, I rophotometer ( i use al. 228.8 jim) and associated 
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4.1 	 lromrphenol blue indicator solution 

4.2 	 Cadmium solution, intermediate 

4.3 	 Cadmium solution, standard 

4.4 	 Cadmium solution, stock 

4.5 	 Chloroform 

4.6 	 Concentrated hydrochloric acid 

4.7 	 1lydrochloric acid (1-1-2) 

4.8 	 l lydrochloric acid (1+49) 

4.9 	 Concentrated nitric acid 

4.10 	 Pyrrolidine dithiocarbamic acid chloroform reagent 

4.11 Sodium hydroxide solution 

4.12 Air 

4.13 Acelylene 

5 Prcp ralion of sandards 

5.1 Iromphenol blue indicator solution (1 g/I) 

5.11 l)issolve 0.1 g of bromphenol blue 

isopropan( l 

5.2 (adnium solution stock (Imil -- Img Cd) 

in 100 nil of 50% ethanol or 

5.21 	 I)issolve Ig of (:adiniun mcal ina ini mum quantity of nitric acid 

5.22 	 l)illte to I lirtc
 

5.3 	 Cadminnium soliutiol inf(.'.rmccliatc (Iml : 50 tkg Cd) 

5.31 	 I)ilut[t solution (5.2) and Iml of nilric to 1litre with water
50 m1l of stc)(k1( 


5.4 	 (iRdIi ,ilSO;lutio1n
nIi Sar(hirl- (Iml • (0.5 t,(Ad)
 

5.41 	 I)ilu I0 nil of ( (Iincrmccdialc solution (5.3) and 

I litre with water 

5.5 	 1lydrochloric acid (I I2) 

5.51 Add I volurw of*I 110 to 2 volunmcs of water 

5.6 	 Ilydi ochloric. acid (1 I19) 

.1).ll 	 Add Ivolunw l l(
1)to 49 voiminws of wae.r
 

I ml of nitric acid to 



5.7 	 Pyrrolidine dithiocarharnic ac¢id chloroform reagent
 

5.71 	 Add 36 ml of pyrrolidine to I lilre of chloroforl
 

5.72 	 Cool the solution and add 30 nil of CS, in small portions
 

5.73 	 )ilute to 2 litres with chloroform
 

5.8 	 Sodium hydroxide solution (100 g/l)
 

5.81 	 Dissolve 10 g of Sodium hydroxide in water
 

5.82 Dilute to 1 litre
 

6 Calibration
 

Refer sodium 

7 Procedure 

7.1 	 Measure a volume of (1(X) ml maximum) well mixed acidified sample into a 125
 

nil beaker
 

7.2 	 Adjust the volume to 100 nil with water if necessary
 

7.3 	 Add 5 ml of HCI
 

7.4 	 Ileat the sample on a steam bath or hot. plate until the volume has been reduced
 

to 15 to 20 nil (do not boil the saniple)
 

7.5 	 Cool and filter the sample, into 250 ml separatlory Ifunnel
 

7.6 	 Wash Ilic. filter paper with WiiteI and ad.jus! the volueinc approximately to 100 fil
 

7.7 	 Add 2 drops of bromp cnol Wie indicator and nix
 

7.8 	 Adjust lhe pll until a blue colour persists by adding sodium hydrox ic solution
 

7.9 	 Add I ICI (I -149) dropwisc until lhc'hliie colour disappears
 

7.10 	 Add 2.5 inl of IICI (11 49) inex(css (pil shoiuld h 2.3).
 

I0fill di(ot hi7. I I 	 Add of pyrr dinc ocarbamiec acid cihloro'ornl reagent and sha-kc, 16r 

fkCw m1inutcs 

7.12 	 Hlug Itli ip of' the. sparatory funncl1 with colton, allow the phases to separate,
 

drain the chloroform laye-r into a 100 nil beaker
 

7.13 	 Repea.l the extractlion with 10 ml of chlorolorni an( (rain the chl oroform layer
 

into tlie. sane heakcr
 

7.14 l'vaporatt the. solufinni ioniear dryncss
 

'I. 15 ,,cinovc beakesr troni hiut and atlow residual solvc.n[ (o evaporate witticlnitm t
 

(19 
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heating 

7.16 	 Add 2 ml nitric acid d(ropwise and mix well 

7.17 	 Evaporate the solution to near dryness 

7.18 	 Add 2 ml of 1I (1 +2) to the beaker, and heat while swirling for 1 minute 

7.18 	 Cool and transfer the solution quantitatively to a 10 ml volumetric flask and 

adjust the volume with water 

7.19 	 Aspirate the sample to the flame and record the absorbance 

7.20 	 Determine the concentration of cadmium from the calibration curve 

Calculation 

Cadmium, g/Il = (1000/A) x B 

where: A volume of original sample in nil 

13 weight of cadmium in the sample in ltg 

Note: * lyrrolidinc dithiocarbamic acid chloroform reagent is highly toxic 
• 	 Carbon disulfide is highly flammable 

Rel'erence 

1. 	 Annual Book of AS'TM Standards. Vol. 11.01 Water (1), 1993. 
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CA I,1 UM 	 Atomic Absorpt ion 
mg/I 	 Instrument para meters 

Calcium hollow cathode lamp 
Wavelenght 422.7 nm 
fuel- acetylene 
oxidant- Air 
type of flame - reducing 

Linear range 0.2 -.7 mg/I using a wavelength of 422.7 nm 

Detection limit 0.003 mg/I 

Interferences chemical interferences 

Precision and Accuracy For distilled water samples containing 9 and 36 mg/I calcium, the 

precision was reported as 3% and 2% respectively with 99% 

recoveries 

1. 	 Background 

1.1 	 The nethod can be used for drinking, surface and saline waters and domestic and 

industrial wasles 

2. 	 Ap .irat s 

2. I 	 Atomic absorption spectrophotometer and associated equipment 

3.1 	 ,ir 

3.2 	 Acctylic.c 

3.3 	 Metal fr'e, water 

3.4 	 ( :IllLCiull solitoi, stock 

3.5 	 (alc'iim soliillo, standard 

3.6 I .aithantin chiloride solt Lion 

£. Prepa ion Pf.standards 

4. I 	 (alciunn solution, stock 

4. It t)issolvc 1.25() g of CaCO., (dried at 18()C for onc hour beforc. weighing) 

witi a in61in01 of dcwiniZd wIl'ri 

1.12 	 t'itIjc to I()00 1- withi d(eiOI/A.( t (lI)litedi water 

71 



4.2 Calcium solution, stanlard 

4.21 Prepare diluiions of the stock solution 

4.22 To each 10 ml voilume of calibration standard and sample alike add 1.0 ml 

of the Lanthanum chloride solution 

4.3 Lanthanum chloride solution 

4.31 Dissolve 29 g of 1.a10-, slowly and in small portions in 250 nil conc.iICI 

4.32 Dilute 	to 500 ml with deionized distilled water 

5. 	 Calibration 

Refer sodium 

6. 	 Procedure 

Reler sodium 

7. 	 Calcu lat ion 

Refcer sodium 

Note: * Phosphate, sulfate and aluminium interferneces can be eliminated by the addition 

of I,anthanum 
S Coincentrat ions of' magnesium greater than I000 mg/I. cause low calcium values 

• 'lThe nitroLus oxide-acelylenc, flame will provide two to five tiimes greater 

sensitlvily and f'retdorn froni chemical interferences 
S 'lThe 239.9 nm line may also he use( which has a relative sensitivity of' 120 

I.II'A/ 00/4.79/02() Mc1hod [Or cihomical analysis of* walcr andJ wasfes 

2. 8 lStanidard ile examinaliom 'wle wastewater, Id it ion, 1989.mnet hods for €(f aniid 17th 

S AMirii Iock of' ASIM ,'sandaicls.vol. I1.02, 1I991 
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Ci ROMI U Colorinetric 
mg/I 

ILinear range 0.01 to 0.5 mg/I 
Interference Interferences from permanganate iron in concentrations greater 

tharn 1 mg/I may produce a yellow color. 

Molybdinum, Vanadium, iron and copper may interfere 
Precision and Accuracy For a synthetic water sample containing 110 g/1l chromium, the 

precision was reported as 47.8% with a relative error of 16.3% 

I. 	 Backaround 

1.1 	 The procedure measures only hexavalent chromium in natural or treated water 

inten(Icd to be potable 

2. 	 Sumnimary of Method 

2.1 	 All the chronium isconverled to the hexavalent. state by oxidation with potassium 

permanganate 

2.2 	 The hexavalent chromium will le dliermlined colormetrically by reaction with 

diplhlnylcarta/iidc in acid (-u iion 

2.3 	 'lhen ired violeti color wilt h( producexx 

3. 	 .AParatus 

3. I 	 Spectrophlooneter fo- use ti540 nm wilh a light path of 1 cn or longer 

3.2 	 Sc-,)aratlinig 12.iii .1is, il 

4. 	 .keage !s 

4. I 	 Sto(k chi-omiuii sotultion 

4.2 	 Stanidard chronitlli solillI 

4.3 	 Nitric acld ConlC. 

4.4 	 Sulfuric acid (I 1 I) 

4.5 	 Methyl orange indicalor sol(utlion 

4.6 	 IHydrogen I)('roxide (30%) 
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4.8 	 Amnniuin hydroxide conc.
 

4.9 	 Iolassium permanganael solution
 

4.10 	 Sodium azidc solution
 

4. I I 	 )iplicnelcarbazide solution 

4.12 	 Chloroform
 

4.13 	 Cupferron solution
 

4.14 	 Phosphoric acid cone.
 

4.15 	 Sulfuric acid (0.2 N)
 

5. 	 Preparation of standards 

5.1 	 Stock chromium solution
 

5.1 1 	 Dissolve 141.4 mg K2Cr20 7 in distilled water
 

5.12 	 l)ilute to I(X)0 ml
 

5.2 	 Slandard chromium soltuion
 

5.21 	 )ilute 10.0 ml stock chromium solution to 100 nil
 

5.3 	 Potassium pernianganatc solution
 

5.31 	 I)fissoive 4 g KMnO, in 100 ml (listilled water
 

5.4 	 Sodiurn a/idc solulion
 

5.41 I)issolw, 0.5 g of NaN, in 100 ml distilled water
 

5.5 	 I)iphenycarlazide solul ion
 

5.5 I Dissolvc 250 mg 1,5- diphenylcarbazide in 50 ml acetone
 

5.52 	 Slorc in a brown botll
 

5.6 	 (:upferrorl solution
 

5.0! I)i;olve 5 , (,j l,,N(N()ONII4 In 95 rnl distilled water
 

5.7 	 Sulfuric acid 0.2 N
 

5./I )iluic. 17 ml 6N I lS(') to 500 nil with dist.illcd water
 

6. 	 Cal ibrat ion 

6.1 IPipet on imasurcd volumics of standard chrrliml solulions (5.2), to give
 

slan(lard(s 1or 10 to 100 jtq (Cr, into 250 rn I I akers (volunnes ranging rroli
 

2.0)ml to 20.() nil)
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6.2 	 )epending on pretreatment used for samples (7.1), proceed with subsequent
 

treatment. of standards and cupfleron treatment if required
 

6.3 	 l)evelop color as for samj)lcs, transfer a portion of each colored solution to 1 cm
 

absorption cell
 

6.4 	 Measure absorbance at 540 nm
 

6.5 	 Correct absorbance readings of standards by subtracting absorbance of a reagent
 

blank
 

6.6 	 Construct a calibration curve by plotting corrected absorbance values against
 

micrograms of chromium in 102 ml final volume
 

7. 	 Procedure 

7. 1 	 Treatment of sample 

7.11 	 If only hexavalent chromium is desired, no Ireatment is necessary
 

7.12 	 If total chrom'um is desired and there are molybdenum, vanadium, coppe
 

or iron present remove them as in 7.2
 

7.13 	 If the above melals are not present do the oxidation of trivalent chromium
 

as in 7.3
 

7.2 	 Removal of' molybdemn i, vanadium iron and copper with cupferron
 

7.21 	 Iipet a portioni of digested sample containing 10 to 100 /q Cr into a 125
 

ml separating funnel
 

7.22 	 IDilute to ahou 40 nil wiih distillel water and chill in an ice balh
 

7.23 	 Add 5 mil icc c(,ld cupferron sol ution, shake well and let stand in ice baith
 

for I mll.
 

7.24 	 I,xtract in ,;SCpat :i)g' funniul witi hrc. successive. 5 ml pormions of (C1 (I:,
 

7.25 	 Shak' eC'l I )olinl lI ihoroiup hly with aqueouis solultion let. laycr. separate,
 

and discard (C(l,extract
 

7.26 	 Transffer cxracle(I alieous solution to a 12.5 inl conical flask
 

t1 lrunwith amount of' wate.r
7.27 	 Wash I i! a small lo flask alid boi for about.
 

5 mim. and cootl 

/C28 Add 5 ml I[N() amid ;ainiliimnootf 3 il II,(), acid 

7.9 	 Hoil s;alilllc, i li( ; ,;lim'ila(icc of, SO, tunic.;
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7.30 	 Cool and add 5 nil I INO3 , again boil to complot decomposition of 

organic matter. Cool again and add 25 nil water 

7.3 	 Oxidation of trivalent chromium 

7.31 	 Pipet a portion ol digested sample containing 10 to 1W01g Cr into a 125 

ml conical flask 
7.32 	 Using methyl orange as indicator, add conc.NI140I1 until solution is lust 

basic to methyl orange 

7.33 	 Add I +I 1-12SO4 dropwise until it is acidic plus I ml in excess 

7.34 	 Adjust volume to about 40 ml and heal. to boiling 

7.35 	 Add 2 drops KMNO4 solution to give a lark red color 

7.36 	 If fading occurs, add KMNO 4 dropwise to maintain an excess of about 2 

drops 

7.37 	 Boil for about 2 rin. Add I ml NaN:, solution and continue boiling gently 

7.38 	 IHred color does not fade after boiling for 30 seconds add another I ml 

NaN, solution 

7.39 	 Conlinuc boiling tor I min. after color has faded completely, cool and add 

0.25 ml I[1,-)0, 

7.4 	 Color development andlinasnrement 

7.41 1Jse 0.2N II:,SO and a plI meter to adjust solution to pl1 1.0 -: 0.3 

'ir-a
7.4 	 'I it(e, solililioln ()a 100 nil volumetric flask, dilute to the mark anld mix 

7.43 	 Add 2.0 nil dillcylearbazide solition, inix and Ilt sland for 5 Io 10 rin. 

IOr Inll color dcv, lop ment 

'1.1l4 lians r ;rianl)p)rO!)riaic pro(tioi to a I clii hsorpition ecll and nicasure its 

al sOrhbaiic. at 5,1() i n1(imi , d stilled walcr as rfcerence) 

)rrctcV.45 ( i absorbaricc of the samrple. by subtractinp, absorbance or a blank 

'7.4o I rorn the correcled absorhancc, (leterni iie niicrogranis of chrom in in 

picscnl by i(leT.r('c I) [Ic calibration curve 

. a! u atlion 

mg Cr/I /tg (. r(in It mln Iain l wllinc) 
I00 
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Where, A volume of original sample in 1nl 

IB volume portion from 100 ml digesled sample in nil 

Note: * Potential interlrenecs from pernmangamiate is eliminated by prior reduction with 

azide 

Reference 

I. Standard method for the examination of waler and wastewater, 17th edition, 1989 
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COBAIT Chelation IExtraction-Atomiic Absroption 
t4g/I 	 Instrument parameters
 

Cobalt. hollow cathode lamp
 
Wavelength 240.7 nm
 
IFuel-acctylene
 
Oxidant-air 
Type of flame 

Linear 	range 10 - 1000 g/lI
 

Detection limit 0.03 mg/i
 

InterfErences Nitrate interferes at I mg/i by suppressing 	the absorption of the 

cobalt 

Iligh concentrations of sodium, potassium, magnesium, nickel, 

lead, copper, zinc, cadmium, chromium and sulfate may interfere 
Precision and Accuracy For surface wafer samples containing 100 and 700 /Lg/l cobalt, the 

precision was reported as 12% and 8% respectively 

The accuracy was reported as and+4.0% + I. 1% for the surface 

water samples containing 100 and 70M) g/l of cobalt respectively 

I. 	 IBackgrouwi 

1.I 	 Mthod is applicahlc to surlce and groundwater, domestic and industrial 

wastewater 

2. 	 liniary o iith.od 

2.1 	 ( olall. is chcalaeld with l)yrolidinc ditlhiocarlomic and extracted with chloroform 

2 he eXtraci,;S Irc llcld witlh nitric ac id lo dest roy organic matlt'r and is dissolvc'd 
in hydrochloric acid 

2.3 	 total cobalt is tlicii dclernined by aspirating a portion of the resulting solution 

following hydrochlotric nitric acid digestion and filtration 

Af~fllaratuLS
 

3. 1 	 Alomic absorption spectrophotomler (for use', at 	 240.7 rnm) and associated 

cquilirim 

78 

3 



4 R-.,ag .,!_ 

4.1 Iromphenol blue indicator solution 

4.2 Cobalt solution, intermediate 

4.3 Cobalt solution, standard 

4.4 Cobalt solution, stock 

4.5 Chloroform 

4.6 Concentrated hydrochloric acid 

4.7 Ilydrochloric acid (1+2) 

4.8 Hydrochloric acid (1+49) 

4.9 Concentrated nitric acid 

4.10 Pyrrolidine (lithiocarbamic acid chloroform reagent 

4.11 Sodium hydroxide solution 

4.12 Air 

4.13 Acetylene 

5 Preparation of standards 

5.1 Brorplicnol blue indicator solution (I g/I) 

5.11 I)issolv. 0.1 g of* bromphenol blue in 100 nil of 50% ethanol or 

5.2 (obalt. 

5.21 

5.22 

5.3 Co-tal 

5).31 

isopropanol
 

solution slor (1 nil - I rn Co)
 

)issolvc 4.0372 , of co)allous chloride in reagent water
 

Dilule to I litre
 

solutioninternidi::il{ (I nml 00. 1 nig Co)
 

I)ilutc I}() in] of' Ifitc stock solulion (5.2) to I litre with water
 

5.4 C(bal. soluio()n slandard (I nil :- I /iLg Co) 

5.4 1 I)ilIl' 1I)rill of C i tc .eru ia{t solution (5.3) and I nil of nitric acid to 

I litre; waelrwithl 

5.5 I1ydrochlor. acid (I + 2) 

5.5 1 Add I volunc of 110I to " v'olulls of water 

5S.O IIlyd Iochlori(. a(.i (1 49) 

I.61Add I volunc o0I tonI,)19 liiii{e, of wal'.i 
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5.7 	 Pyrrolidine dithi ocarbamic acid chloroform reagent 

5.71 Add 36 ml of pyrrolidine to I litre of chloroform 

5.72 	 Cool the solution and add 30 nil of CS 2 in small portions 

5.73 	 Dilute to 2 litres with chlorofbrm 

5.8 	 Sodium hydroxide solution (100 g/l) 

5.81 

5.82 

6 Calibration 

Refer sodium 

7 lProcedure 

Dissolve 100 g of Sodium hydroxide in water 

Dilute to I litre 

7.1 	 Measure a volume of (100 ml maximum) well mixed acidified sample into a 125 

ml beaker 

7.2 	 Adjust the volume to 100 mi with water if necessary 

7.3 	 Add 5 ml of HCI 

7.4 	 Heat the sample on a steam bath or hot plate until the volume has been reduced 

to 15 to 20 nil (do not boil the sample) 

7.5 	 Cool and filter the sample into 250 ml sepiratory funnel 

7.6 	 ',ash the filter paper with water and adjust the volume approximately to 0()0 nil 

7.7 	 Add 2 drops of bronphenol blue indicator and mix 

7.8 	 Adjust the pl Iuntil a blue colour persists by adding sodium hydroxide solution 

7.9 	 Add 1I1 (1-1-49) dropwise until the blue colour disappears 

7.10 	 Acdd 2.5 ml of I ('(1 -1-49) inexcess 

7. I I Add 10 ilof pyrrolidinc diothlocarbamic acid chloroform re.agrenl and shake for 

feW nli nutes 

7.12 	 Plug the, lip of the separatory funnel with cotton, allow the phases to separate, 

drain the chloroform layer into a 100 ml beaker 

7.13 	 Releat. the extraction with 10 nil of chloroform and drain the chloroform layer 

into the. same beaker 

7.14 	 Iivaporale le lution to near drynesst cI 
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7.15 Rlemov e beaker from heal and allow residual solvent to evaporate without further 

heating 

7.16 Add 2 ml nitric acid dropwise and mix well 

7.17 Evaporate tile solution to near dryness 

7.18 Add 2 ml of I-CI (1+2) t) the beaker, and heat while swirling for 1 minute 

7.18 Cool and transfer the solution quantitatively to a 10 ml volumetric flask and 

adjust the volume with water 

7.19 Aspirate the sample to the flame and record the absorbance 

7.20 Determine the concentration of cadmium from the calibration curve 

Calculation 

Cobalt, /g/l = (1000/A) x 13 

where: 

A = volume of original sample in ml 

13 = weight of cobalt in the sample in /Ag 

Note: * Interference by nitrate can be eliminated by adding ammonium chloride to blanks, 

standards and samples 

Reference 

Annual Book of ASTM Standards. Vol. 11.01 Water (1), 1993. 
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COPPER 	 Chelation lxtraction-Atomnic Absroption 
zgI 	 Instrument parameters 

Copper hollow cathode larmip 
Wavelength 324.7 nm 
lFuel-acetylene 
Oxidant-air 
Type of flame 

Linear range 2 - 500 1g/l 

Detection limit 0.01 mg/I 

Interferences High concentrations of metals may interfere 

Precision and Accuracy For surface water samples containing 9 and 36.3 j~g/l cooper, the 

precision was reported as 77% and 25% respectively 

The accuracy was reported as 1-4.0% and +4.3% for the surface 

water 	samples containing 9 and 36.3 /tg/I of copper respectively 

1. 	 Background 

1.1 	 Method is applicable to surface and groundwater, domestic and industrial 

waslewcalcr 

2. 	 Summary ommethod 

2.1 	 (opper is chealaled wilh pyrolidine dil.hiocarbornic and extracted with chloroform 

2.2 	 The cxtr:iact is treated with nitric acid to destroy organic matter and is dissolved 

in hydrochloric acid 

2.3 	 'Toa! copper is then determined by aspirating a portion of the resulting solution 

following hydrochloric iitric acid digc.stion and filtration 
3 A[_p[ a.tt-is 

3.1 	 Alomic absorplion speclrophotometer (for use-. at 324.7 nm) and associaled 

quipicnt 

4 Recents 

4.1 	 lromphenol blue indicator solution 

4.2 	 Coppcr solution., inltrnc(lialc 

4.) 	 ('. p. :i solution, simll a
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4.4 	 Copper solution, slock
 

4.5 	 (hloroform
 

4.6 	 Concentrated hydrochloric acid
 

4.7 	 1lydrochloric acid (1+2)
 

4.8 	 Hydrochloric acid (1+49)
 

4.9 	 Concentrated nitric acid
 

4.10 	 Pyrrolidine dithio,'arbanmac acid chloroform reagent
 

4.11 	 Sodium hydroxide solution
 

4.12 	 Air
 

4.13 Acetylene
 

Preparation of standards
 

5.1 	 Broiphenol blue indicator solution (I g/I)
 

5.11 	 Dissolve 0.1 g of bromiphenol blue in 100 ml of 50% ethanol or
 

isopropanol
 

5.2 " 	 Copper solution stock (1 ml = I mg Cu)
 

5.21 	 Dissolve I g of electrolytic copper contained in a 250 ml beaker in a
 

mixture of 15 ml nit, ic acid and 15 ml water
 

5.22 	 Slowly add 4 ml of suffuric (1 .I I) and heal until SO, fumes evolve
 

5.23 	 Cool, wash lown the beaker with water and dilute o I litre
 

5.3 	 Copper solution inernmcliate (I ml : 10 Itg Cu)
 

5.31 	 I)ilul.e 10 ml ol'slock solution (5.2) and I ml of nitric to I litre with water
 

5.4 	 Copper sollution stanlard (I ml -. I iq', Cu)
 

5.41 	 l)ilute 10 ml of (.u inlermcdiawc, solution (5.3) to 100 ml with waler
 

5.5 	 Ilydrochloric acid (1 12)
 

5.51 	 Add I volune o1 IICl to 2 volumnies of water
 

5.6 	 Ilydrochloric acid (1 -49)
 

5.61 	 Add I volumc of (I IWto 4.9 volumes of water
 

5.7 	 IPyrrol iclii. ditlliiocarhaviic acid chl oroflorm reagent
 

5.71 Add 36 ml of py'rolidine. lo I litrc, ol hloroforni
 

5.'12 (Co the soition and add 30 mil o1 ( S:, in small portions
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5.73 	 )ilute to 2 litres with chloroform
 

5.8 	 Sodium hydroxide solution (100 g/l)
 

5.81 	 Dissolve 100 g o" Sodium hydroxide in water
 

5.82 l)ilute to I litre
 

6 Calibration
 

Refer sodium 

7 Procedure 

7.1 	 Measure a volume of (100 ml maximum) well mixed acidified sample into a 125
 

ml beaker
 

7.2 	 Adjust the volume to 100 ml with water if necessary
 

7.3 	 Add 5 ml of [CI
 

7.4 	 Ileat the sample on a steam bath or hot plate until the volume has been reduced
 

to 15 to 20 nil (do not boil the sample) 

7.5 	 Cool and filter the sample into 250 ml separatory funnel
 

7.6 	 Wash the filter paper with water and adjust the volume approximately to 100 ml
 

7.7 	 Add 2 drops of bromphenol blue indicator and mix
 

7.8 	 Adjuts the pll until a blu colour persists by adding sodium hydroxide solution
 

7.9 	 Add I WI (I --49) (lropwisc until the blue colour disappears
 

7.10 	 Add 2.5 nl of I ICI (1-I49) in excess
 

7. I1 	 Add 10 ml of pyrrolidine diolhiocarhamie ",cid chloroform reagent and shake for 

few minutes 

7. 12 I IJug Ih, tip of* thC separalory funnel with cotton, allow the phases to separate, 
I driin Ihc c'hloroform laye'r inio t 100 nil bealker 

7.13 	 Repeat. the extraction with 10 ml of lchlorolfor and drain the chloroform layer
 

into Ihe. same beaker
 

7.14 	 1'vaporate the solution to near dryness
 

7.15 	 Roemonve heaker I'rom het a mid allow residual solvent to evaporate withot. further
 

heating
 

7.16 	 Add ' irn nitric acid (ropwist; and inix well
 

7. 17 	 Ivai)orae. the solution lo near drync'ss 
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7. I8 Add 2 ml of 11( . (I +2) to (hc beakcr, andt hual.whilc swirling for I MinutC 

7.18 (.ool and transfe'r the solulion quiantitalively 1o a 10 fl volumetric flask and 

adjust the volume with water 

7.19 Aspirate the sample to the flame an(d record the absorbance 

7.20 Determine the concentration of cadmium from the calibration curve 

Calculation
 

Copper, Ag/I B/A
 

where:
 

A = volume of original sample in litre 

B weight of copper in the sample in ttg 

Note: * Pyrrolidine dithiocarbamic acid chloroform reagent is highly toxic 
* Carbon disulfide is highly flammable 

Reference 

1. Annual Book of ASI'M Standards. Vol. 11.01 Water (I), 1993. 



IRON 	 Atomic Absorplion 
mg/I 	 Instrumental parameters 

Iron hollow cathode lamp 
Wavelength - 248.3 nm 
Fuel --acetylene 
Oxident - air 
type of flamc-oxidizing 

Linear range 	 0.3-5 mg/I 

Detection limit 0.02 mg/I 

Interference 	 chemical interferences 

Precision and Accuracy For a synthetic water sample containing 435 and 855 Itg/I iron, the 

precision was reported as 42% and 20% with a relative errzr of 

0.7% and 1.8% respectively 

1. Background 

1.I The method can be used for drinking, surface and saline waters and domestic and 

industrial wvs(cs 

9'. Suniary of' inctlhod 

Refer sodimn 
3. Appar.aus 

3. I Atonic absorl)Iion spectrophotomel.er an(I associated equipments 

,1. Ciigen I 

4.1 Air 
4'2 Ac~clyhne, 

4.3 Mci l fr. waler 

4.4 Iron soluliorn stock 

4.5 Iron solulion standard 

5.1 Iron solution stock 

5. II Weigh I.()0 g of pure. iron wire 

5. I) I)issolv in 5 nil rcdistilrd IINO: warrniin, if n-cessary 
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5.13 	 When (issolving is complete., diluet lp t.oI liter w ith di oni.ed (lis lillel 

water 

5.2 	 Iron solution standard 

5.21 	 Prepare dilutions of the stock solution 

6. 	 Calibration 

Refer sodium 

7. 	 Procedure 

Refer sodium 

8. 	 Calculation 

Refer sodium. 

Note: 	 * The following lines may also be used 248.8 nm relative sensitivity 

2271.9 nm relative sensitivity 4 

302.1 	 nm relative sensitivity 5 

252.7 	nm relative sensitivity 6 

372.0 nm relative sensitivity 10 

Reference 

I.	 1-!VA/600/4-79/020 Method for Chemical analysis of water and wastes 

2. 	 Standard mlethod for thc cxaminatioi of water and wastewater, 17th edition, 1989 
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LEAA'AD 	 (Chelation Extraclion-Atonic Absroption 
tL,/ 	 iilruni t r)araniltlcrs 

I cad hollow cathode lamp 
Wavelength 283.3 nm 
I,ucl-acclylce 
Oxidant-air 
Type of flame 

lincar range 100 - 1000 jig/I 

Detection limit 0.05 mg/I 

Interferences I igh concentrations of calcium may interfere 

Precision and Accuracy lor reagent water samples containing 100 and 800 /tg/I lead, the 

precision was reported as 18% and 16% respectively 

The accuracy was rcportcd as -13.9% and - 15.8% for the reagent 

water samples containing 100 and 8(X) ftg/I of lead respectively 

I. 	 Background 

1.1 	 Method is applicable to surface and groundwater, domestic and industrial 

wastewaler 

2. 	 Summary-of nofhod 

2.1 	 Ieacl is chealated with pyrolidine (lithic;artornic and extracted wilh chloroform 

2.2 	 The extract is rc.atltd with iutric acid to (lestroy organic matter and is (lissolvcd 

in hydrochloric aciid 

is Ihinde.lrimv y1w2.3 	 1lal lead d aspiraltingll, a portion of the resuljlin solion 

fllowing lIydrcrluloric Iidric icid digest oi and filtration 

Apparatus 

3. 1 	 Alomic ahsorplion spectrophlometcr (for use at 283.3 nni) and associated 

cqulipment 

Iigents 

,1.I 	 1romphenol bluc i dicator solutioll 

I k;t S0l1it01, inlturlc' (litl 

,I.3 	 IA.al solulii(il l, (I dI:l 
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1.'1 	 1Lad solution, siock 

4.5 	 (.hlororinl
 

4.6 	 C,.ncentrated hydrochloric 


4.7 1lydrochloric acid (1 +2)
 

4.8 1lydrochloric acid (1 +49)
 

4.9 Concentrated nitric'acid
 

acid 

4.10 	 Pyrrolidine dithiocarbamac acid chloroform reagent
 

4.11 	 Sodium hydroxide solution
 

4.12 	 Air
 

4.13 Acetylenc
 

Preparation of sanlarls
 

5.1 	 13romlphenol blue inlicator solution (1 g/I)
 

5.11 	 I)issolve 0. 1 g of bromnphenol blue in 100 ml of 50% etlanol or
 
isopropanol
 

5.2 	 Lead solution stock (1 ml -- 2(X) jg Pb)
 

5.21 	 ID)issolve 0.3198 g ot lead nitrate in water containing I ml of nitric acil
 

5.22 	 lDilute to I litrc
 

5.3 	 Le cad solution intrinediale (I Tl 2 Itg Ph)
 

5.31 	 I)iluiC I1 ml of stcwk solution (5.2) and I ml ol nitric to I litre with water
 

5.4 	 Lead solution standard (I ml . 0.2 14g Ib)
 

5.41 	 I)ilute 10 11 of* lead i lternilediate solution (5.3) and I il of nilric acid Io
 

I0 ) ml with waler
 

5.5 	 I lydron¢hlori, acid (I I 2)
 

5.5 1 	 Aidd I voluinw ()f IICI to 2 volurics of water
 

5.6 	 I lydrochloric, acid (1 -- 49)
 

5.61 	 Add I volume of* IICI to 49 volunmes of waiter
 
5.7 	 IPyrrolidir: dill'Ilocartaiic acid (iltrlo rini reagent
 

5.71 	 Add 36 rrl ol pyrrolidiiilt' I litre of chlorolhorni
 

i.72 	 (ool the solution and add 30 rnl of (S., in small portions
 

.'/]$ I)il ).I lite.. illi lii to(tiri
 

819( 



5.8 	 Sodium hydroxidc solution (1O0)g/l) 

5.81 	 )issolve I00 g of Sodium hydroxide in water 

5.82 I)ilute to I litre 

6 Calibration 

Refer sodium 

7 Procedure 

7.1 	 Measure a volume of (100 ml maximum) well mixed acidified sample into a 125 

ml beaker 

7.2 	 Adjust the volume 10 1(X) ml with water if necessary 

7.3 	 Add 5 nil of I lC 

7.4 	 I leal the sample on a steam bath or hot plate until the volume has been reduced 

to 15 to 20 ml (do not boil the sample) 

7.5 	 Cool arid filter the sample into 250 nil separabory funnel 

7.6 	 Wash the filler paper with water and adjust the volume approximately to 100 ml 

7.7 	 Add 2 drops of bromphcnol blue indicator and mix 

7.8 Adjust the p I ntil aIblue colotur persists by addting sodium hydroxide solution 

7.) Add I 1: (I I 49) cIropwisc. unil te hluct colour disappears 

7.10 	 Adl :).. iiil of II(I (1 149) in ex¢c'ss 

7.1 	I A (1 i mlofpyrrol idiic diloh icearhanlic: ;til ehloroform reagent anid shake. for 
tew miinuts 

lhe: of ie. ory wilh cotlloli, allow flile7.12 	 I'lir), tiI ' scparai lFunlCl phases to separate, 

(IraiilicI htlroltorm layer into a 1(10 nil hiaker 

7:13 	 Reptth;el Ihi. ailll(itloln with Il) il of 'hliorolorm arid drain t(e chloroform laye r 

into the si m ,rhal

7.14 	 I'vapor;itc th soliilion toI nc'ai dryncss 

7.15 	 Reniovc hwcaker froni heal arid allow residual solvent lo evaporate without further 

'1.16 	 Add ? il! nitric' acid (lropwmc ,nd mix well 

7.17 I\'vapomilc lie, Sllifiono to i1c'i lrvii. -s
 

/.18 Add .' it i I1(1 (I I )) to htak and ha( while lWililllp 0b 1Iiinile'
ilt' i-. 
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7.18 (ool and tnansf'r Ile soluliion (umilihively to a 10 ilvolumeti-Ic fhask and 

asIjI the volumeWwitl watelr 

7.19 Aspirate ihe sample to the flame and record the absorlnznce 

7.20 1)eterminu t-he concentration of cadmiim from the calibration curve 

8 Calculation 

Lead, j~gIl = (10d"0/A) x B 

where: 

A = volume of original sample in ml 

1B weight of lead in the sample in tig 

Note: * Pyrrolidinc dithiocarbamic acid chloroform reagent and lead salts are highly toxic 
• Carbon disulfide is highly flammal, 

Reference 

I . Annual Hook of ASTM Standards. Vol. II.01 Water (1), 1993. 
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M AGNESI[JM 	 Aomic A Isorl)tioh 
Iig/Il 	 InstrunIC.e-1 parameters 

Magnesium hollow cathode lamp 
Wavclenghl 285.2 nm 
Fuel-	 acetylene 
Oxidant- Air 
Type of flame -oxidizing 

Linear 	range 0.02-0.5 mg/I using wavelengti of 285.2 nm 

)etection limit 0.0005 mg/I 

Interference 	 Chemical interference 

Irecision an(d Accuracy In a single laboratory, for distilled water samples containing 2.1 

and 8.2 mg/I magnesium, the precision was reported as 5% and 

2% respectively with a 100% recovery 

I. 	 lacl ou.nd 

Refer sodium 
2. 	 Alpara]tus 

Rtl*tsodium
 

RC. .'IIIS.-
I J Cl 


3.I 	 Air
 

3..) 	 A(t'ytI)("
 

3.3 Mt'.lal tru water
 

3./1 MIagiieslumi sotlution slock
 

3'56 	 Isohlii~ll(hloit ; lndard 

tl (1 s'1. 	I'r( ofvirlloitn t:1i ltr[(.I 

4.I 	 MNtIl lrc walcr
 

4.2 	 Mag csitiim sollion, slttOck
 

4.1 1 I )Pi;1,ul\,r (.8 1 ) ' ot* ilpc'sitirl) Oxi(i(: in 10 jiul ol r.disl.illc(I I INO: 
,1.11) I llllJlt' I lil l/.C( (JIII'rd Ik) W ith (C I1' V ll. 



4.3 	 Magnesium solution slandard 

4.31 I lrpare dilitions of the stock solutiion 

4.32 	 To cach 10 nil volume of sample add 1.0 ml of the lanthanum chloride 

solution 

4.4 	 1Lanthanum chloride solution
 

Refer sodium
 

5. 	 Calibration 

Refer sodium 

6. 	 Procedure 

Refer sodium 

7. 	 Calculation 

Refer sodium 
Note: * The interferences caused by aluminium at concentrations greater than 2 mg/L is 

masked by addition of lanthanum 
• 	 The line 202.5 ni may also be used with relative sensitivity of 25 

Reference 

I .	 IPA/600/4-79/020 Methods for chemical analysis of watcr and wastes 
2. 	 Standard methods for the examination of water ain( wastewater, 17th l dition, 1989. 
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MANGANESE' Atomic Absorption
mg/ linst ru ncntal paran eters 

Manganesc hollow cathode lamp 
Wavlelngth- 279.5 nm 
Fuel, acetylene 
Oxident - air 
type of, flame-oxidizing 

Linear range 0.1-3 mg/ 

D~etection limit 0.01 mg/I 

Interferences Chemical interferences
 
Pcrcision and Accuracy For 
 synthetic water samples (,ontaining 104 and 432 /Ig/l 

manganese, the precision was reported as 30% and 16% 

respectively 

The accuracy was reported as --2. I % and -I-1.5% respwctively for 

Ihe above two samples 

!. L3ack ground 

1.1 'The mcthod isapplicable for drinking, surface and saline waters and domestic and 

industrial wastes
 

. Suniary_.o_ Method
 

kcfor sodium
 

3. App.aratl!s 
3. 1 Atonic absorplion spectrophotometer and associated equipments 

4.1 Air 

4.2 Acetylene 

4.3 netal tree water 

4.4 Manganese solution stock 

4.5 Manganese solution standard
 

. Pl)remration .of Standards
 

'. I Man ,;mcs,- sot imi o ,.ock 
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5.11 	 Weigh I.(X)0 g of marganesc. metal 

5.12 	 Dissolve in 10 ml of redistilled I IN0 3 

5.13 	 When dissolving is complete, dilute to 1 liter with 1% HCI 

5.2 	 Manganese solution standard 

5.21 	 lrepare dilutions of the stock solution 

6. 	 Calibration 

Refer sodium 

7. 	 Procedure 

Refer sodium 

8. 	 Calibration 

Refer sodium 

Note: * The line 403.1 nm, at. relative sensitivity of 10 may also be used 

Reference 

I. 	 l 'A/600!4.-79/020 Method for Chemical analysis of water andi wastes 

2. 	 Standard method for the examination of water and wastewater, 17th edition, 1989 
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NI CK1i0 	 Chelation Exiraction-Atoinic Absroption 
ttgll 	 Instrument parameters 

Nickel hollow cathode lamp 
Wavelength 232.0 nm 
Fue!-acetylene 
Oxidant-air 

Linear range 10 - 1000 j.g/1 

Detection limit 0.02 mg/l 

Interferences High concentrations of other metals and sulfate chloroide and 

nitrate may interfere 

Precision and Accuracy For natural water samples containing 399.4 and 794.4 pg/l nickel, 

the precision was reported as 9% and 17% respectively 

The accuracy was reported as -0.2% and -11.7% respectively for 

the above two samples 

1. 	 Background 

1.1 	 Method is applicable to surface and groundwater, domestic and industrial 

wastewater 

2. 	 Sumnmary of method 

2. I 	 Nicl<c.I ischealated with pyrolidine dithiocarbomic and extracted with chloroforir 

2.2 	 The extract is treated with nitric. acid to destroy organic matter and is dissolved 

in hydrochloric acid 

2.3 	 Total nickel is then determined by aspirating a portion of the resulting solution 

fbllowity: hydrochloric nitric acid digestion and filtration 

3 	 Appratus 

3.1 	 Atomic absorption spectrophotometer (for use at 232.0 nm) and associated 

equipment 

4 Reagenis 

4. I 	 JBromphcnol blue indicator solution 

4.2 	 Niclw(l solution, iilCTIc(lialC 
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4.3 	 Nickel solution, standard
 

4.4 	 Nickel solution, stock
 

4.5 	 Chloroform
 

4.6 	 Concentrated hydrochloric acid
 

4.7 	 1tydrochloric acid (1+2)
 

4.8 	 Hydrochloric acid (1+49)
 

4.9 	 Concentrated nitric acid
 

4. 10 	 Pyrrolidine dithiocarbamac acid chloroform reagent 

4.11 	 Sodium hydroxide solution
 

4.12 	 Air
 

4.13 Acetylene
 

Preparation of standards
 

5.1 	 Bromphenol blue indicator solution (I g/I)
 

5.11 	 Dissolve 0.1 g of bromphenol blue in 100 ml of 50% ethanol or
 

isopropanol
 

5.2 	 Nickel solution slock (1 nil = 2(X) g Ni)
 

5.21 	 )issolve 0.9906 g of nickelous nitrate in water containing I nil of nitric
 

acid
 

5.22 	 I)ilte to I litre
 

5.3 	 Nickel solution standard (I ml - 2 1qg Ni)
 

5.31 	 I)ilute 10 ml of Ni stock solution (5.2) and I ml of nitric acid to I I re,
 

with water.
 

5.4 	 I lydrocehloric acid (I I 2)
 

5.41 	 Add I volume of I ICI to 2 volurmes of waler
 

5.5 	 I lydrochloric acid (I .1-49)
 

5.51 	 Add I volume of IICI 1.o 49 volumes of water
 

5.6 	 lyrrolidine dithiocarhamic aci(l chlorooirm reagent
 

5.61 	 Add 36 nil of pyrrolidine to I litrc of chloroforim
 

5.62 	 Cool the solulion and add 3(0 ml of ClS, in small portions
 

5.63 	 Dilutc" to ) lirc; with chloi)if(
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5.7 	 Sodium hydroxide solution (100 g/i)
 

5.71 	 )issolve 100 g of Sodium hydroxide in water
 

5.72 l)ilute to I litre
 

6 Calibration
 

Refer sodium 

7 Procedure 

7.1 	 Measure a volume of (100 ml maximum) well mixed acidified sample into a 125
 

ml beaker
 

7.2 	 Adjust the volume to (X)ml with water if necessary
 

7.3 	 Add 5 ml of -ICI
 

7.4 	 fleat the sample on a steam bath or hot plate until the volume has been reduced
 

to 15 to 20 ml (do not boil the sample)
 

7.5 	 Cool and filter the sample intec 250 ml separatory funnel
 

7.6 	 Wash the filter paper with water and adjust the volume approximately to 100 ml
 

7.7 	 Add 2 drops of bromphenol blue indicator and mix
 

7.8 	 Adjust the ptl until a blue colour persists by adding sodium hydroxide solution
 

7.9 	 Add 11 (1 .1 49) dropwise until the blue colour disappears
 

7.10 	 Add 2.5 mnl of I11 (I .49) in excess
 

7.11 	 Add 10 nil of pyrrolidino diothiocarlanic acid chloroform reagent and shake for
 

few minules
 

7.12 	 Plugthe, tip of thc sc.iaralory funnel wili cotlon, allow the phases to separate,
 

drain ilic chloiofaOrm layer into a 10) nil beaker
 

T 13 Repeat Nhc txiract ion with 10 nt elchloroform and drain the chloroforn layer 

in(o [lhe same Ibeaker 

7.14 	 1vaporaie. the solution Io near dryncss
 

7.15 	 Remove heaker from heal and allow residual solvent Io evaporate without. further
 

heal ing
 

7.16 	 Add 2 ml nilric acid dropwise and mix well
 

7. 1'7 Ivaporatlc h, solution to near dryncss 

. 1 Add . inlo IW1 0I 2) to it Iakcr., and heat while swirling for I minute 
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7.18 Cool and transl cr the solution quaUtitatively to a I0 nil voltLilttric flask and 

adjust thc volume with water 

7. 19) Aspirate (he sample to the flame and record the absorbance 

7.20 Determine the concentration of cadmium from the calibration curve 

Calculation 
Nickel, t~g/I = (I(XX)/A) x 13 

where: 

A volume of original sample in ml 

13 = weight of nickel in the sample in t.g 

Note: * Pyrrolidine dithiocarbamic acid chlorofbrm reagent is highly toxic 
• Carbon disulfide is highly flammable 

Rcerenec 

1. Annual look of ASTM Standards. Vol. 11.01 Water (1), 1993. 
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POTASSIUM Atomic Absorption
mg/I Instrument paranletrs 

Potassium hollow cathode lamp 
Wavclenght 766.5 nm 
Fuel- acetylene 
Oxidant- Air 
Type of flame - slightly oxidizing 

Linear range 0.1-2 mg/I using wavelenght of 766.5 nm
 
Detection limit 0.005 mg/I
 

Interferences 
 Chemical interferences
 
Precision and Accuracy 
 In a single laboratory, for distilled water samples containing 1.6 

and 6.3 mg/I potassium, the precision was reported as 13% and 

8% with 103% and 102% recoveries respectively 

I. Background 

1.1 The method is applicable for drinking, surface and saline waters and domestic and 

industrial wastes 

2. Apparatus 

2. I Atotnic absorplion spectropholorneter and associated equipment 

3. Rea e-n.is 

3.1 Air 

3.2 Acetylene,
 

3.3 Mcal trec water
 

3'.4 I'Polssium solution, stock
 

3.5 I'Potassiun solJtion, standard 

4. J rcparatli( l ot Slia dlarcIs 

4. I Mctal irce. water
 

cl'e:r sod'd Jur
 

4.2 IPotassium Nollion, stock 

4.21 )i',:uolvC 0. I)0'/ p,of' I , dried al. I10"C in dtioniIed distilled water 

/I.)2 Mak(' up to I I IW' 

I0(0 



4.3 	 IPotassium solhtion standard 

4.31 	 Prepare dilutions of (he stock solution 

5. 	 Calibrat.ion
 

Refer sodium
 

6. 	 Procedure
 

Refer sodium 

7. 	 Calculation 

Refer sodium 

Note: * Any enhancement due to sodium can be stablized by adding excess sodium (10X 

tAg/ml). to both sample and standard solutions 
* 	 The 404.4 nni line may also be used. This line has a relative sensitivity of 5(X) 

Refercec 

1. 	 1 1lA/600/4-79/020 Methods for chemical analysis of water and wastes 
2. 	 Standard methods for the examination of water and wastewater, 17th Edition, 1989. 
3. 	 Annual Book of ASTM standards,vol. 11.02,1993. 
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SOI)iUM Atoidc absorption
mg/I Instrunent parameters 

Sodium hollow cathode lamp 
Wavelenght 589.6 nm 
Fuel- Acetylene 
Oxidant- Air 
Type of flame - Oxidizing 

Linear 	range 0.03 - I mg/I 

)etection limit 0.002 mg/I 

Interference Chemical interference 

Percision and Accuracy In a single laboratory, for distilled water samples containing 8.2 

and 52 	mg/I sodium, the precision was reported as 1%and 1.5% 

with 102% and 100% recoveries respectively 

1. 	 Background 

1.1 	 The method is applicable fbr drinking, surface and saline waters and domestic and 

industrial wastes 

o2. 	 S mLryof met.hod 

2. I 	 A sample is aspirated and atomized in a flame. A light. beam from a hollow 
cathode lamp (calhodc is made out of the element to )e (ctcrmined) is (lirected 

through the flame into a monochromalor and onto a detector which measures the 

lighl absorl)ed 

3. 	 AIparatus 

3.'1 Atomic alsorp lion spcctropholometer and associated equipemfnt 

4. 	 Jc" CtIII-s 

4.1 	 Air 

4.2 Acctylene
 

,1.3 Melal-free water
 

4.4 	 Sodium solution, Stock
 

4.: 	 Sodium solution, slandlardc 
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5. 	 Pre aa!i0J of stan(Iardjs 

5. I Metal 'lec waler
 

Deionize tap
5. I D water or use one of the following processes, depending on 

the metal concentration in the sample. 

Single distillation, redistillation or sub-boiling 

5.2 	 Sodium solution, stock 

5.21 	 Dissolve 2.542 g sodium chloride (NaC1), dried at 140'C in water 

5.22 	 Make up to 1000 ml 

5.3 	 Sodium solution standard 

5.31 	 Prepare dilutions of the stock solution 

6. 	 Calibration 

6. I 	 Aspirate a blank consisting of deionized water or an acid solution containing the 
same concentration of acid in standards 

6.2 	 Aspirate a standard solution and adjust aspiration rate of the nebulizer to obtain 

maximum response 

6.3 	 Aspirate the blank again and rezero the instrument 
6.4 	 Aspirate a standard near the middle of the linear range 

6.5 	 Record absorl)ance of the sutndardl 
6.6 	 Ref.er to the (Jala on subsequont. delterninal ions of Ihe. sanrc element to check 

COFlsicntcy of' inslrtnilcnl setU) 

'7. l' 0Ce(IjrC 

7.I 	 for the inalysis procedure see (hapter 1.7.
 

8. 	 (afclt ry
 

V (A,x
 
(:oncenrat ion, ing/l .
 

V2) (A,,
1,.
 

where, 
 Vi \olume of the dilulct sanplec, il
 

V7 Volume of' the original sample, nil
 

A, Absorbance of dilute. sa )ple
 

A.,d 
 ell 	sql~ar(] addIc
c -I~s. i ltc 0iiiri;
 



C,, = Concentration of the same Slandar(l addition as A.,,,2 in mg/l 
Since there are two standard ad(lditions, calculale for each, and avcrage the two 

Note: Low temperature flames increase sensitivity by reducing the extent of ionization 

of the metal
 
Ionization may also be controlled by adding potassium (1000 mg/I) 
 to both 

standards and samples 
Chemical interferences may be eliminated by adding specific elements or 

compounds to the sample solution 

Reference 

1. EPA/600/4-79/020 Methods for chemical analysis of water and wastes 
2. Standard methods for the examination of water and wastewater, 17th Edition, 1989. 
3. Annual lBook of ASTM standards, Vol. 11 02,1993. 

1)4
 



ZINC 	 Chelation lE;xtraction-Atomic Absroption 
tig/l 	 Instrument parameters
 

Zinc hollow cathode lamp
 
Wavelength 213.8 nm 
Utuel-acetylene 
Oxidant-air 
Type of llame 

Linear range I - 200 pg/I
 

I)etection limit 0.005 mg/I
 
Interferences High concentrations 
 of other metals and sulfate chloroide and 

nitrate may interfere
 
Precision and Accuracy 
 For reagent water samples containing 10 and 170 xg/Il zinc, the 

precision was reported as 160% and 14% respectively 

The accuracy was reported as --7.5 % and +8. 1% for the reagent 

water 	samples containing 172 and 75.6 pg/l of zinc respectively 

1. 	 Background 

1.1 	 Method is applicable to surface and groundwater, domestic and industrial 

wastewater 

2. 	 Sumniaryof method 

2.1 	 Zinc is chcalatcd with pyrrolidiIc, dithiocarbonic and extracted with chloroform 
2.2 	 The extract, is treated with nitric acid to destroy organic matter and is dissolved 

in hydrochloric acid 
2.3 	 Total zinc is then determined by aspirating a portion of' the resulting solution 

Following,, hydrochloric nitric acid digcstion ani tiltration 

3 	 Apparatus 

3.1 	 Atomic absorption spectrophotoincter (for use at. 213.8 nm) and associated 

e(Iuipmen 
4 IReage~nt 

1. 	 BBromphenol blue indicator soluLtion
 

',). :/,in(c nlcrnIcdiatc
s()lnU) 
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4.3 	 Zinc s'0lution, standard
 

4.4 	 Zinc solution, stock
 

4.5 	 Chloroform
 

4.6 	 Concentrated hydrochloric acid
 

4.7 	 Hydrochloric acid (1 +2)
 

4.8 	 Hydrochloric acid (1 +49)
 

4.9 	 Concentrated nitric acid
 

4.10 	 Pyrrolidine dithiocarbamic acid chloroform reagent
 

4.11 	 Sodium hydroxide solution
 

4.12 	 Air
 

4.13 Acetylene
 

Preparation of standards
 

5.1 	 Bronlphcnol blue indicator solution (1 g/I)
 

5.11 	 l)issolve 0.1 g of bromphenol blue in 100 ml of 50% ethanol or
 

isopropanol
 

5.2 	 Zinc solution stock (I ml :-- mg Zn)
 

5.21 	 )issolve 1.245 g of zinc oxide in a mixturc of 10 ml of nitric acid and 10
 

nil of water
 

5.22 	 )ilute to Ilitrc
 

5.3 	 Zinc solution internediatc (Inil :=0.1 ig Zn)
 

5.31 	 IDilite 100 nil ot slock solulion (5.2) and I il of nitric to I litrc with
 

water
 

5.4 	 Zinc solution stanlard (I ml :.I [q,Zn)
 

5.41 	 l)ilitc 10 ilof zinc intermediatc solution (5.3) and 


I litr" with walr
 

5.5 	 Ilydrochloric acid (1 .I 2)
 

5.51 Add Ivolum of IIC! to 2 volumes of water
 

5.6 	 Ilydrochloric acid (1I4 9)
 

5.61 Add Ivolim: of IIC: (o49 volumes of water
 

I06
 

Inil of nitric acid to
 



5.7 	 IPyrrolidine dithiocarbamic acid chloroform rea,enl 

5.71 Add 36 ml of pyrrolidinc to I litre of chloroforl 

5.72 	 Cool the solution and add 3() ml of CS 2 in small portions 

5.73 	 Dilute to 2 litres with chloroform 

5.8 	 Sodium hydroxidce solution (100 g/1) 

5.81 

5.82 

6 Calibration 

Refer sodium 

7 Procedure 

Dissolve 100 g of Sodium hydroxide in water 

Dilute to 1 litre 

7.1 	 Measure a volume of (1(X) ml maximum) well mixed acidified sample into a 125 

nil beaker 

7.2 	 Adjst the volumc to I(X) ml with water if necessary 

7.3 	 Add 5 nil of 11I 

7.4 	 Ileaf, the sample on a steam bath or hot. plate until the volume has been, reduced 

to 15 to 20 nil (do not boil the sample) 

7.5 	 Cool and rilter the sample into 250 ml separatory fhnnel 

7.6 	 Wash th filler paper with watel .11d a(lijust lie volume alp)proximately Io 00 inl 

7.7 	 Add 2 drops of t)roiplenol blue. indicator and mix 

7.8 	 Ad just the pl! until a blue.colom persists by adding sodinum hydroxice solution 

7.9 	 Add 11(1 (-1-49) dropwise until thc,blue colour clisappears 

7. 10 	 Add Z.5 ml orF I11 (I -149) ii .xc€ss 

7. I I Add 10 ml of' pyrrolidine diolhiocarbamic acid chloroform rcagenl and shake Ior 

f(w Iimiutes 

ip 0' nI'u with co(lon, 

drainihe chloro'orni layer into aI (00nil beaker 

7.12 	 I)l (-' theiS.p rafory n(.I allow thie. phases to swptrat., 

7.13 	 Repeat. the extrac ion with 10 ilof chloroftirm anmidrain the chloroform layer 

info lhe same beaker 

7. 14 	 Ik'vipnrate. Ithe. ,olulion lo ne'ar dryn\ess 



7.15 Remove beaker from heal. and allow residual solvent to evaporate without lurther 

heating 

7.16 Add 2 nil nitric acid droowise and mix well 

7.17 Evaporate the solution to near dryness 

7.18 Add 2 ml of ItCI (1 +2) to the beaker, and heat while swirling for 1 minute 

7.18 Cool and transfer the solution quantitatively to a 10 nil volumetric flask and 

adjust the volume with water 

7.19 Aspirate the sample to the flame and record the absorbance 

7.20 l)etermine the concentration of cadmium from the calibration curve 

8 Calculation 

Zinc, ttg/I = (1000/A) x 13 

where: 

A volume of original sample in mi 

13 weight of zinc in the sample in 1g 

Note: * Pyrrolidine dithiocarbamic acid chloroform reagent is highly toxic 

• Carbon disulfide is highly flammable 

1. Annual Book of ASTM Standards. Vol. 11.01 Water (1), 1993. 
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5.4 Non-metalios
 

AL KA IAN ITY 
 TIitrimietric 
mg/I,CaCO3 

Linear range All concentration ranges
 

Interferences Salts of weak organic and inorganic acids may interfere
 

Oil and grease may coat the electrodes 
Pirccision and accuracy In a single laboratory (EMSL) using surface water samples at an 

average concentration of 122 mg CaCOY/l, the precision was 

reported as 2.5 % 

1. Background 

1. 1 The method is applicable to drinking, surface and saline waters, domestic and 

industrial wastes 

2. Summary of method 

2. I An unaltered sample is titrated to an electrometrically determined end point of p11 

4.5 

2.2 l'he sample nust. not be filtered, diluted, concentrated or altered in anyway. 

3. Apparatus 

3.1 pl1 meter (can be read to 0.05 plI units) 

3.2 Appropriale sized vessel 

3.3 Magnetic stirrer
 

3,4 Pipets, flasks and olher slandard glassware
 

3.5 Ilurels (50, 2!) and Ilk) ml) 

4. Reapents 

4.1 Sodium carbonatc solution (0.05N)
 

4.?. Standard acid (I ICI or 11SO,) 0. I N
 

4.3 Standard acid (11(11 or 1,S04) 0.02 N 

5. )rprati _ofs-,ldards
 

:S.I odiiinli iton (O.).0, l carhonriluw :,ol( N) 
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5.11 	 P'lacc 2.5::0.2 g sodium carbonate (dried at 250 C For 4 hours and cooled
 

in a desiccator) in a I liter volumetric flask
 

5.12 	 Dilute to the mark with water
 

5.2 	 Standard acid (0. 1 N)
 

5.21 	 Dilute 3.0 ml concentrated sulfuric or 8.3 ml concentrated hydrochloric
 

to I liter with distilled water
 

5.22 Standardize with 0.05 N sodium carbonate solution
 

5.3 	 Standard acid (0.02 N)
 

5.31 	 Dilute 200 ml of 0.1 N standard acid to I liter with distilled water
 

5.32 	 'Standardize with 0.05 N sodium carbonate solution
 

6. 	 Procedure 

6. I 	 Standardizaion of acid 

6.11 	 Take 40 ml of 0.05 N sodium carbonate solution with about 60 ml
 

distilled water
 

6.12 	 Titrate with the acid potentiometrically to p1! of about 5
 

6.13 	 Rinse Ihe electrode into ihe beaker
 

6.14 	 Cover with a watch glass and boil the solution gently for 3 to 5 minutes
 

6.15 	 Cool to rooii tilperaitre
 

6.16 	 Rrinse cover glass into Ihcaker
 

6.17 	 (Contintie litratioi to the pII inflcction point
 

6.18 	 Calculate normnalily
 

6.2 	 Sample six.e
 

6.21 	 UJse. a sti ficien ly large voltinie of I.itrant (>20 nil in a 50 ml buret.)
 

6.22 	 1For - 1000 mg (',a(',/], use 0.02 N titrant.
 

6.23 	 I or > 10(10 Mg CaCO,/, use 0. I N titrant.
 

6.3 	 Potentiicmetric titration
 

6.31 	 Place sample in flask by pipetting with pipet. tip near boltcml of flask (use,
 

a 	 )inastire.d voluime of sarple, su fficient enough to cover the sensing 

'teiits ol1'Ihe electrode) 

6.32 	 Meastir, pt1) o liet sample.
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6.33 	 Add standard acid while stirring 

6.34 	 'litre to pi I of4.51 

6.35 	 Record volume of the titrant 

6.4 	 Potentiometric titration of low alkalinity 

6.41 	 For alkalinity of <20 mg/l, titrate 100 to 200 ml as in 6.32 using a 10 ml 

microburette and 0.02 N acid solution 

6.42 	 Stop titration at p11 in the range of 4.3 - 4.7 

6.43 	 Record volume and exact p1H 

6.44 	 Very carefully, add titrant to lower pH exactly 0.3 p'- units and record 

volume 

7. 	 Calculation 

Normality of acid A*B / 53.00(*C 

Where, A Na 2(CO weighed into I liter 

13 volume of Na 2CO(3 solution in nil 

C volume of acid used to inflection 

point in ml 
A *N *50,00

Alkalinity, mg/I CaC. 
ml of sample 

Where, A volume of standard acid in ml 

N normality of acid 

Reference 

1, HIPA/600/4-79/020 Melhod for (hmiical analysis of water and wastes 
2. 	 Standard i.loiod for the (xaniiialion of waler and wastewa itr, 17'th edition, 199 
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CiIII)RIl)E 	 Titrinietric 
mg.-Cl/I 

Linear range 	 8.0 to 250 mg/I Cl 

Detection limit. 	 10 to 150 mg of chloride 

Interference 	 Sulfide, bromide, io(iide, thiocyanate, Cyanide, Phosphate, sulfite, 

carbonate, hydroxide and iron may interfere 
precision and Accuracy 	 For water samples containing 8.0 and250 mg/I CI., the precision 

was reported as 10% and 1.6% respectively 

The accuracy was reported as -6.13% and -0.80% for the above 

two samples 

I. Background 

1.I The method is applicable to drinking and surface water 

2. Sunmaryjof"method 

2. I The chloride reacts with the silver ion before any silver chromate forms, due to 

the lower solubility of silvter chloride 

2.2 [he potassilum chromate indicator reacts wilh excess silver ion to form a red 

silver chronatc precipilatc. 
3. Apparatus 

3. I I ,aboralory glassware 

3.2 Buret, 25 ml capacity 

4. Rggcwts 

4. I S andard silver nitrate solution 

4.2 1lydrogen peroxide (30%) 

4.3 IPotassiun chroinate, 	 indicator soltilion 

4.4 S andard s(1dium chloride. solution 

4.5 Sodium hydroxide solution 

4.6 Sulfuric acid (I I 19) 
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5. Preparation of' standards 

5.1 	 IPotassium chroiaic solution 

5.11 )issolve 50 .of potassium chromate in 100 nil of water
 
5.12 Add silver nitrate until a slight red precipitate is produced
 
5.13 	 Allow the solution to stand at least 24 hours (in a dark place)
 
5.14 	 Filter to remove the precipitate
 

5.15 	 Dilute to I liter
 

5.2 	 Standard solution, silver nitrate (0.025 N)
 
5.21 	 Dissolve 4.2473 g of silver nitrate (c. U ,
i,, 1-- LUoIUJI4IL welgmi 

. at 4(C) in some water 

5.22 	 Dilute to I liter
 

5.23 	 Standardize against the sodium chloride solution (follow the procedure 6.2
 

to 6.6) 

5.3 	 Standard solution, sodium chloride (0.025 N)
 

5.31 	 Dry scveral grams of sodium chloride for I hour at,60C
 
5.32 	 Dissolve 1.4613 g of the dry salt. in water
 

5.33 )ilute to I liter ina volumetric flask
 

5.4 	 Sodium hydroxide'solution (1(0 g/I)
 

5.41I )issolv. I(,otsodium hydroxide inwater
 

5.42 	 l)ilute. to Iliter
 

5.5 	 Sul uric 'icid (I-1IM)
 
5.51I Add one. voluiri. of coIncetratcd sulfuric aci(d to 19 voluncs of' water,
 

White 	MiI iij
 

6. 	 Procedure
 

6.1 Pour 50 nil or less off thc sample containing not more than 20 nor less than 0.2.5
 

mg of chloridc ion into a porcelain dish
 

6.2 It sullllite ions ai i)resct add 0.5 nil 01 hydrogen peroxide to the sample, mix an(
 

let stand for I ininnteC 

6.3 	 I)ilute appioxinirly to .50nl with watlr if n'cctcssiry
 

6.4 	 Adjust flit, .I ilsing 117S, Naoll1
p11( to 	 ()oi 
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6.5 	 Add approximately 1.0 ml (1 K,Cr( 4 indicator and mix 
6.6 	 Add standard silver nitratc solution dropwise from a 25 nil buret until [he 

appearance of a permanent brick-red color 

6.7 	 Repeat the procedure from 6. I to 6.6 using exactly one half as much original 

sample, diluted to-50 ml with water 

7. 	 Calculation 

Chloride,mg/l = I(V,-V 2)*N*70 9061/S
 
where V, = Silver nitrate standard solution added in titrating
 

the sample prepared in 6.1 in mi 
V2 = Silver nitrate standard solution added in titrating 

the sample prepared in 6.7 in nil 

N Normality of slandard silver nitrate solution 

S )riginal sample in the 50 ml test specimen prepared in 6. 1, in ml 

Note: 	 * Compounds which precipitale at pl1 8.3 may cause error 
* 	 Orthophosphawc and polyphosphale interfcre if prescnt in concentralion greater 

than 200 and 25 mg/I rcsp(c1 ively
 

Sulfile and oh.t ilonabl colw or turbidity must be eliminated
 
ncc
c'_(., 

I 	 Annual Book ot AS'I M standards,vol. II .01, 1993 
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C.YANIi)E 	 'timt
 

rug CN /I 

Linear range > Img/I 

Inierferences Sulfides will adversely afltct 

Fatty acils will distill from soaps under alkaline conditions 

Precision and Accuracy Precision data are not available 

I. 	 Background 

1.1 	 The method is applicable to the determination of cyanide in drinking, surface and 

saline waters, domestic and industrial wastes 

2. 	 Summary of Method 

2. I CN in the alkaline distillatC is titrated with standard silver nitrate to form the 

soluble cyanide complex, Ag(CN)2 

2.2 	 The excess Ag' is delected by the silver-sensitive indicator, p

(Iimcthylhaniinobcnzal rlmdan ine, which inmediately turns the color from yellow 

to salmon 
3. 	 _A )r.lu 

3. I 	 Koch microhurelfc, 10 ml capacity 

4.I 	 Indicator solu ion 

4.2 Standard silver nitralc, it.ra inl
 

4,3 Socdim hydroxide lilut ion solution
 

5. 	 IPrClpratio ostandardsU) 

5.1 	 Indicator solution 

5. II 	 l)issolve 20 ing p-ictielylaminol)enz,alrhodanine in 100 ml acetone 

5.2 	 Slan(lard silver nilratc liirant 

5.21 )issolve 3.271 g AgNO3 in I liter distilled water 

5.2? Slandardiz'.e againsl ;siindard NaCl solution 
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5.23 	 )ilute 500 ml AgNO, solution accordinig to th. litoir fIunl, so that. 1.00 

ml is equivalent to 1.00 mg (CN 

5.3 	 Sodium hydroxide dlilution solution 

5.31 	 I)issolve 1.6 g NaO I in I liter distilled water 

6. 	 Procedure 

6. I Take a measured volume of the sample that will require approximately 1 to 10 

ml AgNO 3 titrant 

6.2 	 Dilute to 250 ml using the NaOl dilution solution. For samples with low cyanide 

concentrations dilution is not necessary 

6.3 	 Add 0.5 ml indicator solution 

6.4 	 'i'itrate with standard AgNO3 titrant to the first change in color from canary 

yellow to salmon hue 

6.5 	 Titrate a blank containing the same amount. of alkali and water 

7. 	 Calculalion 

(A-B1) x I()0 250 
mg CN/I . x
 

ml original sample ml portion used
 

Where, A volume of slandard AgNO: for sample in ml 

13 volune of slandard AgNO:, for blank inml 

Note: * if t.ilration shows ihal. CN is below I mg/I examine another pforliton 

colorinietrically or potentioictrically. h't'.indicator is sensitive to about 0. I mgL 
Ag/l 

Roeference 

I. 	 Standard method for (hc. cxaminatioli of water aid vastewatcr, 1'71h cdition, 1989 
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AMMONIA Spec.roplotondric 
NIl N mg/I 

Linear range 0.05 to 1.0 mg Ni 3 - N/I 

Interferences A number of aromatic and aliphatic amines as well as othcr 

organic and inorganic compounds will cause turbidity 

Cyanate will hydrolyze to some extent 

Volatile alkaline compounds may cause an off-color upon 

nesslerization 

Precision and Accuracy 	 For an increment of 0.26 mg N/I and 1.92 mg N/I, precision was 

reported as 27% and 15% respectively 

The accuracy was as 18.12% and -2.01% respectivelyreported --

for the above samples 

1. 	 Background 

1.I The method is applicable to drinking, surface and saline waters, domfstic and 

industrial wastes 

2. 	 Stummary o( Method 

2.1 	 The sample ish1 If'cred at a plI of 9.5 in ordler to decrease hydrolysis of cyanates 

and organic nitroge,,n compounds 

2.2 	 Then distilled into a solution of boric acid 

2.3 	 The ammonia in the (listillate can be determined colorinictically by nsslcriat lion 

3. 	 Appara.tis 

3. I 	 An all glass distilllim,, apparatus with a 800-1000 ml flask 

3.2 	 Spectrophotometer [Or use at 425 nm 

3.3 	 Ncsslcr t.ubcs
 

3.4 	 1Irlenmncycr flasks marked at 350 ml and 500 ml volumes 

4. 	 Reagcnts 

4. I 	 Antmuonia free distilled water 

4.2 	 tlori(cid solmitim C) /1) 
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4.3 Nessler reagent
 

4.4 	 Borate buffer
 

4.5 	 Sodium hydroxide (IN)
 

4.6 	 l)echlorinating reagents
 

5. 	 Preparation of Standards 

5.1 	 Ammonia free distilled water.
 

5.11 	 Prepare by passage through an ion exchange column containing a strongly
 

acidic cation exchange resin mixed with a strongly basic anion exchange 

resin. 

5.2 	 Boric acid solution (20 g/i)
 

5.21 	 Dissolve 20 g 11,1303 in distilled water
 

5.22 	 )ilute to I liter
 

5.3 	 Nessler reagent
 

5.31 	 l)issolve 100 g of mercuric iodide and 70 g of potassium iodide in a small
 

amount. of waler
 

5.32 	 Add this mixture slowly,(while stirring) to a cooled solution of 160 g of
 

NaOI I in 5(00 inI of water
 

5.33 	 I)ilule the rnixtlire to I liter
 

5.4 	 Borate buffer
 

5.41 	 Add 88 nil ol 0.1 N NaOl I solution to 500 ml of o.G25 M sodium
 

letraborale solulion (5g anhydrous NalB,40( 7
 or 9.5 g Na21340.,. 101120 per 

liter) and dilute to( I liter 

5.5 	 Sodium hycrox idc. (I N) solution
 

5.5I lDissolvc 40 p,NaOl I in ammonia free water
 

5.52 	 )ilute to Iliter
 

5.6 	 Iechlorinating reagent
 

5.6 1 	 )issolvc. 3.5 j- NaS,0..5l2 in distilled water
 

5.62 	 )ilutc to I litcr
 

0. 	 .Pro!-cdihjre
 

6.I c'l{'.p-llli c llHI ol c'.tlillpi 
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6. I I 	 Add 500 ml of distilled water to a 800 rnll of KlWulahl flask 

6.12 	 Steam out. the distillation apparatus until the lisfillate shows no trace of
 

ammonia with nessler reagent 

6.2 	 Sample preparation
 

6.21 	 Remove the residual chlorine in the sarnple by adding a dechlorinating
 

agent equivalent to the chlorine residual
 

6.22 	 To 400 ml of sample add 1 N NaOll until the pit is 9.5 (use a pH meter
 

or short range p11 paper) 

6.3 	 Distillation
 

6.31 ,Transfer the samples (pi 9.5) to an 800 ml Kjeldahl flask
 

6.32 	 Acid 25 ml of the borate buffer
 

6.33 	 Distill 300 ml at. the rate of 6-10 ml/min into 50 ml of 2% boric acid
 

6.34 	 )ilute the distillate to 500 ml with distilled water
 

6.35 	 Nesslerize an aliquot to obtaii an approximate value of the ammonia
 

nitrogen concentration
 

6.4 	 )etermination of amnionia in distiillate
 

6.41 IPrepare a series of Nessler tube standards as follows
 

m of, stanallad ig Nl ,-N/50 ml 

(). 	 0.00 

0.5 	 0.005
 
1.0 	 0.01
 
2.0 	 0.02
 
3.0 	 0.03
 
4.0 	 0.04
 
5.0 	 0.0)
 
8.0 	 0.08
 
10.0 	 0. 10
 

6.42 	 )ilute each tube to 50 nil with distilled water
 

6.43 	 Add 2.0 ml of Nessler reagent and rnix
 

6.44 	 Afl',)() min. read the ibsorlmlnCC at 425 nm against theIblank
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6.45 	 IProm lhe, values obltained plot. absorbance Vs. NilI-N in mg for the, 

standard cturve 

6.46 	 I)etermine the ammonia in distillate by nesslerizing 50 ml or an aliquol. 

diluted to 50 rnl and reading the absorbance al. 425 nm for the standards 

6.47 	 Ammonia nitrogen content is read from the standard curve 

7. Calculation 

mg/I N[:,-N 
Ax 1000 
------- x

1) 

B 
-
C 

Where, A = mg, N11 3-N read from standard curve 

B = volume of total distillate collected including boric acid and 

lilution in ml 

C = volume of distillate taken For nesslerization in ml 

D = volume of original sample taken in ml 

Note: For determination of NI 13-N, from 1.0 to 25 mg/l., titrimetric procedure and from 

0.05 to 1400 mg/I, electrode method should be used 
Samples may be prcserved widi 2 m; of cone.! I 2()4 per liter and stored at 4"'c 

* 	 Volatile alkaline c(ompounds may b eliminated by boiling off al a low p1-I (2 to 

3)prior to (listillatioi and nesslerization 

1I,PA/00/4 79/02() Mcthod for Chemical analysis of water and wastes 
2. 	 Standard inethod bor the 	eximination of water and wastewater, 17th edition, 1989 

120
 



KJEI)A II,NITR(GEN Nesslerizal ion 
mg/I. 

Iinear range 	 Below I mg N/I 

Interferences 	 High nitrate concentrations result low TKN values. 

Precision and Accuracy 	 For-sample having an increment. of 0.31 Nitrogen, Kjeldahl mag/I, 

the precision was reported as 80% with +5.45% accuracy 

I.. 	 Background 

1 .1 	 The method is applicable for drinking, surface, and saline waters, domestic and 

industrial wastes. 

1.2 	 The procedure converls nitrogen components of biological origin such as amino 

acids, proteins and peptides to ammonia, but may not convert the nitrogenous 

compounds of sone industrial wastes 

2. 	 Smni. oJf Mcthod 

2.1 The sample is heated 	in the presence of cone. I11S() acid, K2SO4 and IIgSO4 and 

evaporated until So), funmes arC obtained t.hen the sol lion becomes colorless or 

pale yellow. 

2.2 	 The residue iscooled, diluted and and made alkalinme with a hydroxide.. (hiosulfale 

sol ution. 

2.3 [he annionia is di, 	 led and dlet erniined after distillalion by Nosslerilytion. 

3. 	 App rts 

3. I )igestion appa ratis A Kje ldahl ldipcsiion apparatus with 80()0 or 10) nril flasks 

and suction lake ofT to remove So., fumes aind water. 

3.2 	 I)istillation apparals The nacro K.jeldahl flask is connected to a condenser and 

an adlaptor so thal. the dist.illate can be eollected. 

3.3 	 Spectrophlotomeer for uso at. 400 arn( 425 nm, will a light path of 1 cim or 

longer. 
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4. 	 RLeagents 

4. I 	 Ammonia frce distilled water. 

4.2 	 Me,'curic sullate solution.
 

4.3 	 Sulfuric acid -mercuric sulfate - potassium sulfate solution.
 

4.4 	 Sodium hydroxide -Sodium thiosulfate solution.
 

4.5 	 Boric acid solution.
 

4.6 	 Ammonium chloride stock solution.
 

4.7 	 Ammonium chloride standard solution.
 

4.8 	 Nessler reagent.
 

5. 	 Preparation of standards 

5.1 	 Ammonia free distilled water
 

5.11 	 Prepare by the passage of distilled water through an ion-exchange column
 

containing a strongly acidic cation exchange resin mixed with a strongly 

basic :Anion exchange resin. 

5.2 	 Mercuric sulfate solution.
 

5.21 	 Dissolve 8g red mercuric oxide (I IgO) in 50 mi of 1:4 sulfuric acid (10.0
 

ml conc. I1,SO,:40.0 ml distilled water).
 

5.22 	 l)ilute toI 100 inl with distilled water.
 

5.3 	 Sulfuric-Mercuric sul fat-potassiul suillale solution.
 

5.31 	 )issolvc 267 g K,() 4 in 1300 ml distilled water and 400 ml cone. 112S04.
 

5.32 	 Add 50.0 ml mercuric sulfate (5.2) solution.
 

5.33 	 )ilutc to 2 liters with distilled watlr.
 

5'.4 	 Sodium 1hydroxide> sodium thiostilfcaic soinlion.
 

5.41I )issl vc, 50() Na(l I and 25 p Na2S20:1.5I 10 in distilled water.
 

5.42 	 Dilute to I liter.
 

5.5 	 lBoi ic acid s,! ul ion.
 

5.51 	 I)issolve 20 ,boric acid, in water.
I:l ,(O, 


5.52 	 l)ilute to I liter with distilled walcr.
 

5.6 	 Anmonium chcrildc, stock solutinM.
 

S.(61 I) Iri I'.1c)tpNII (2.inlwale'r.
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5.62 Make up to liter ina voluin'ric flask with distille.d watcr. 
5.7 	 Ammonium chloridce, standard solution. 

5.71 	 Dilute 10.0 ml of the stock solution (5.6) with distilled water to I liter in 

a volumetric flask. 

5.8 	 Nessler reagent. 
5.81 	 Dissolve rOO g of mercuric iodide and 70 g potassium iodide in a small 

volume of distilled water. 
5.82 Add this mixture slowly, with stirring to a cooled solution of 160 g of 

NaOl-l in 5X) ml of distilled water. 

5.83 	 Dilute the mixture to I liter. 

6. 	 Procedure 

6.1 The distillation apparatus should be pre-steamed before use by distilling a 1:1 
mixture of distilled water and sodium hydroxide-sodium thiosulfate solution until 

the distillate is ammonia free. 

6.2 	 Macro-Kjcldahl system. 

6.21 	 Pilace a measured residlue from the distillation in an 800 nil Kjeldahl flask. 
The sample size can he deltermined from the following table. 

Kjeldahl Nitrogen iI samlple , iiig/l, SaImple Size, ml 

0. 5 
 500
 
5 . 10 250
 
10 2 0 10 
20 50 50.0 
'I( 500 25.0
 

6.22 	 liuit Ic
he sample., if rcclLuircl, to 500 nil with distilled water 
6.23 Add 100 iil sulfturic acid inruric sul 'ate-polassiUn sillt'cl(5.3)
 

6.24 	 Ivaporate the,mixture in.itKjeidahl apparatus until SO.-, fitmes are.given
 

off and (le turns colorless or pale yellow
soltutioj 

6.25 	 Continue hali I, for 3(} additional minules, cool tfhc residuc, and add 300
 

nil distilled water
 

6.26 	 Make Ithe digestite alkaline lby careful addition of 100 ml ol sodium 
hvlroixjic fhinsulklic sli.ioi (!.'I) wilhotl mixinr 
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6.27 	 Connect the Kieldahl flask to the condenser with the tip of condenser or 

an extension of the condenser tip below thc level of the boric acid solution 

in the receiving flask 

6.28 	 Distill 300 ml at the rate of 6-10 ml/min into 50 ml of 2% boric acid 

contained in a 500 ml Prlenmeyer flask 

6.29 	 Dilute the distillate to.500 nil in the flask 

6.30 	 Determine the ammonia concentration colorimetrically 

6.3 	 Determination of ammonia in distillate.. 

6.31 	 Prepare a series of Nessler tube standards as follows 

ml of Standard 

0.0 
0.5 
1.0 
2.0 
4.0 
5.0 
8.0 
10.0 

mg NH3-N /50 ml 

0.0 
O.X)5
 
0.010 
0.020 
0.040 
0.050 
0.080 
0.10 

6.32 	 l)ilultc each tube to 50 nil with ammonia free water, add I nil of Nessler 

reagent and mix 

6.33 	 AFer 20 min. read the absorbance at 425 nm against the blank 

6.34 	 From the values oblaincd i r the standards plot absorbance vs nig NH1.-N 

for ihe standard curve 

6.35 	 )evelop color in the 50 ml diltited distilate in exactly the same irianner 

and real n NJ I N from the standard curve 

.(alculation 

A x I,000 13 
TKN, rug/I, 

I) 
x 

C 

where, A - nig NI I,-N read from curve. 

13 total voluime oh* distillatc collected including the I IlO:, in 

nil 
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0 vol ume of cistillate taken for nesslcrivmtio in ml
 
1) volume of original sample laken in mi
 

Note: When high concentration of nitrate is present, 
 the reaction between nitrate and 
ammonia can be prevented by the use of an anion exchange resin to remove the 
nitrate prior to the analysis 

* For concentrationis above 1 mg N/I, the titrimetric method is used 
* For the range of 0.05 to 1400 mgN/L, potentiometric method may be used 
* Samples may be preserved by addition of 2 ml cone. H2SO4 per liter and stored 

at 4c. 

'References 

1. EPA/600/4-79/020 Methods for Chemical Analysis of Water and Wastes. 
2. Standard Methods for the Examination of Water and Wastewater, 17"' Edition, 1989. 
3. Annual Book of ASTM standards,vol. 11.02,1986 
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NIT'RATIE 
 Specdrophoto11etric 
mg/I 

linear 	rang 0.01 to 1.0 mg/I
 
Interference 
 Build up of suspended matter in the reduction column will restrict
 

the sample flow
 

High concentration of iron, copper or other metals may interfere.
 
Large 	concentrations of oil and grease will coat the surface of the
 

cadmium
 
Precision and Accuracy 
 In a single laboratory, using sewage samples containing 0.04 and 

0.24 mg/I NO ' + NO 2 the precision was reported as 12.5 %and 

1.6% respectively 

In a single laboratory,using sewage 	samples at concentrations of 

0.24 and 0.55 'ig NO' + NO' N/I, the recoveries were reported 
as 100% and 102% respectively 

1. 	 Backtground 

1.1 	 The method is applicable to the determination of nitrite singly or nitrite and 
nitrale combine(] in drinking, surface 	and saline waters, domestic and industrial 
W;IS[e.5
 

1.2 	 If only nitrale is desired, a separale dcltrmination must. be made for nitrite and 
sil).,sequent corrcelions made. The nitrite may be determined by the proccdure 

without tfhe. reduc(L11tioni step 

2. 	 Summary .of.etod 

.1 ,alipJlc ispasscd through a c:olunin containing granulated copper-cadmium (o 
reduce. nitrale to nitrilc. 

2.2 	 I'hc nitritc isdtermined by diazoiz.ing with :;ulfanilamide and coupling with N
(I.naphlthyl) ethylenediaminc.dihydrochlori.d 
 to form a highly colored azo dye. 
which ismeasured spect.rophntonct.rically 
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3. 	 Apparat.us 

3.1 	 Reduction column (The column may he constructed from a 100 ml pipel by 
removing the top portion) 

3.2 	 Spectrophotomictr for use at 540 nm 

4. 	 Rea_ent
 

4.1 	 Granulated Cd (40-60 mcsh) 

4.2 	 Copper-Cadmium 

4.3 	 Ammonium chloride [I)TA solution 

4.4 	 Dilute Ammoniunm chloride - EDTA solution 

4.5 	 Color reagent 

4.6 	 Zinc sulfate solution 

4.7 	 Sodium hydroxide solution 

4.8 	 Ammonium hydroxide cone 
4.9 	 )ilute hydrochloric acid, 6N 

4.10 	 Copper sulphate solution 

4. 11 	 Stock nitrate solution 

4.12 	 Standard nilrale solution 

4.13 	 Slock nitrite solution 

4.14 	 Standard nilrite solion
 

4. 15 	 Standard solutions 

5. 	 Prepiration ofstlidards
Jo-! 	"i-


5. I 	Copper Cadmium 

5.1I 	''c, cadmiurn granules are cleaned with dilutc IICI and copperizecl wilh 
2% solution of copper sulfatl(5.8) in(he lollowing manner 

5.12 	 Wash thc, eadniiurn with dilule lI1,
and rinse with dislilled walcio. Thc
 

color of thc (',adriuml1.hould be silver
 
5.13 	 Swirl 25 g cadniiinn inI()nil of 2% copper sulfale solution (5.8) for S 

ninules or ulinil bluc color partially fades, decant.and repeal with fresh 

copper sulltite unil a brown colloidal iprcipilaltc forns 
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5.14 Wash the copper-cadmiuni with dislilled watcr 
 to remove all the 
precipitated copper. The color of' the Cd should b black 

5.2 Ammonium chloride 
- Ii)TA solution 
5.21 Dissolve 13 g ammonium chloride and 
 1.7 g disodium ethylenediamine
 

tetraacetate in 900 ml of distilled water
 
5.22 Adjust the plI to 8.5 with cone. ammonium hydroxide and dilute to Iliter
 

5.3 Dilute ammonium chloride EDTI'A solution
 
5.31 Dilute 300 ml of ammonium chloride EDTA solution to 500 ml with
 

distilled water 

5.4 Color reagent
 
5.41 Dissolve 10 g sulfanilamide and 
 I g N (l-naphthyl) -ethylene-diamine 

dihydrochloride in a mixture of 100 ml cone. phosphoric acid and 8() ml 
of distilled water and dilutle to I liter with distilled water 

5.5 Zinc sulphate solution
 

5.51 l)issolve 100 g ZnSO4.711 2O in distilled water
 

5.52 I)ilut.e to I liter
 

5.6 Sod iunl Ilydrox ide sol tt ion (6N)
 
5.61 )issolve 240 g NaOl I in 500 inI 
 distilled water 

5.62 Cool and dihlte to I liter
 
5.7 I)iltle hydrochloride acid (6N)
 

5.71 }ihale 50 nil of conc.I ICI to 1(0 nil with distilled water
 
5.8 Copcr stilltc.solition (2%)
 

5.81I )issolve.20 1,of CuS(
 4.51 I1,0 in 500 ilof distilled water
 
5.82 lIil'jte to I liter
 

5.9 Stock ilitrale solution
 
5.91 D issolve 7.218 g KNO1,inlistillcl water and dilute to 1WO} nil
 
5.92 Preserve with 2 ml oh' chlorofoirm per liter
 

5.10 Standard niltrale solution
 

5.10. I ~ ihute 10.0 i l of nilrale slock solution (5.9) (o 1000 nil with 

(IistiI wlcdwater 
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5. II Stock nitrite solution 

5.11.1 Dissolve 6.072 g KN() in 500 ml of' distilled 

water 

5.11.2 

5.11.3 

)ilu.e to I0O ml 

Preserve with 2 

refrigeration 

ml of chloroform and keep under 

5.12 Standard nitrite solution 

5.12.1 Dilute 10.0 ml of stock nitrite solution (5.11) to 1000 ml with 

distilled water 

5.13 Standard solutions 

5.13.1 Using the standlard nitrate solution prepare the following standards 

in 100 ml volumetric flasks 

Conc. 

0.00 
0.05 
0.1 0) 
0.20 
0.50 
1.}00 

ing NO-N/i nil of standard solntion/1()0 nil 

0.0 
0.5 
1.0 
2.0 
5.0 
10.0 

6. P.occ redu 

6.1 Turbidity removal (use one of lhe fokllowing nethods) 

.I I Filter sample through a glass fiher filter or a 0.45 u membrane filter 

6.12 Add I nil /,iSO,ls l tliio(5.5) to 100 nil of'sample and minix thoroughly. 

Add 0.4-0.5 ml sodiiin hydroxide solution (5.6) to obtain a pII of 10.5 

as llcrrniinc'd wilti ipII relci. I,,l licte freatd sample sland for f'.w 

ninultes to allow thc heavy IIoee'ulc.nl precipi(ale to seltle. 

6.2 Oil and grease rcioval 

6.21 Adjust the pII of 100 ilo [f r'illerl sample to 2 by acddition o con. IIC(1 

6.22 I.xlract. the oil and grease froini the aqueous solution with two 25 ml 

portions ol an organic solvent. (Freon, chloroform or ecluivalent.) 
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6.3 	 Preparation of reduction coluLmin 

6.31 	 Insert a glass wool plug to the bottom of the column and fill with distilled 

water 

6.32 	 Add sufficient Cu-Cd granules to produce a column, 18.5 cm long 

(maintain the water level above the granules) 

6.33 	 Wash the column with. 2(X) nil dilute NlI 4CI-EDTA solution (5.3) 

6.34 	 Activate the column by passing 100 ml of a solution mixture of 25 ml of 

1.0 mg/I NO3 standard and 75 ml of NIt 4CI-EDTA solution (5.2) through 

the column 

6.4 	 If the p11 of' the sample is below 5 or above 9, adjust to between 5 and 9 with 

either cone. HCI or cone. NIt 4Ol-1 

6.5 	 To 25 ml of sample or an aliquot diluted to 25.0 ml, add 75 ml of ammonium 

chloride IDTA solution (5.2) andi mix 

6.6 	 Pour sample into column and collect sample at, a rate of 7-10 ml per minute 

6.7 	 Discard the first. 25 ml, collect the rest of the sample (approximately 70 nil) in 

the original sample flask. Reduced samples should not be allowed to stand longer 

than 15 minutes before addition of' color reagent. 

6.8 	 Add 2 ml of' color rcagent to 50.0 ml of' sample. Allow 10 ain . for color 

doevelopnent.\Within 2 hours jItCasure the absorbance at 540 nm ag:a:isl. a 

reagent blank 

6.9 	 Carry out the reductlion of standards exactly as described for the samples. At. 

least. one, nitrite standard should be compared to a reduced nitrate standard of the 

same conccntration to verify the efficiency of the reduction column 

7. 	 Calcuila llo 

7. I 	 ()btain a standard curve by plotting the absorbance of standards run by the above 

procecurc against N(), concentrations
 

'1.2 Compulte concentration of samples from tlhe standard curve
 

7.3 	 For less ihan 25 ml sample A x 25
 

iug (No ., I N O ,) N/I ... .. -...
.... 
1111 sa le30lc .d 
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Where, A = concenlration of nitrate from stanlard curve 

Note: * Analysis should be made as soon as possible. 
If analysis is done within 24 hours, the sample should be preserved by 

refrigeration at 4"c 
When required to store samples more than 24 hours, they should be preserved 

with sulfuric acid (2 ml IH2SO4 per liter) 
* Samples for reduction column must not be preserved with mercuric chloride 

Reference 

1. EPA/600/4-79/020 Method for Chemical analysis of water and wastes 
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NITRITE Spectrophotometric 
NO2 - N mg/I 

Linear range 	 0.01 to 1.0 mg N0 2-N/l 

Interferences 	 Strong oxidants or reductant will affect the nitrite concentrations 

High alkalinity. (>600 mg/I) will give low results 

Precision and Accuracy 	 In a single laboratory, using wastewater samples containing 0.04 

and 0.24 mg/I NO3 + NO 2 , the precision was reported as 12.5% 

and 1.6% 

In a single laboratory,using wastewater samples at concentrations 

of 0.24 and 0.55 mg NO 3 + NO2 N/l, the recoveries were 

reported as 100% and 102% respectively 

1. 	 .Background 

1.1 	 The method is applicable to drinking, surface and saline waters, domestic and 

industrial wastes 

2. 	 Summary of Method 

2.1 	 The diazoniuni compound is formed by diozotisation of sulfanilamide with nitric 

in water under acid conditions 

2.2 	 Then it is coupled with N-(I-naphthyl) ethylenediamine dihydrochloride to 

produce a reddish-purple color which is read in a spectrophotometer at 540 nm 

3. 	 Ap)parattus 

3.1 	 Spectrophotomeler equipped with I cin or larger cells for use at 540 nm 

3.2 Nessler tubes (50 ml) 	or volumetric flasks (50 ml) 

4. 	 Reagents 

4.1 	 )istilled water free of nitrite and nitrate 

4.2 fu'fer color reagent 

4.3 	 Nitrite stock solution 

4.4 	 Nitrite standard solution 
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5. 	 Preparation of standards 

5.1 	 lBuffer color reagent
 

5.11 	 To 250 nil of distilled water, add 105 mi conc. hydrochloric acid, 5 g
 

sulfanilamide and 0.5g N-(I-naphthyl) ethylenediamine dihydrochloride
 

5.12 	 Stir until dissolved
 

5.13 	 Add 136 g of sodium acetate and again stir until dissolved
 

5.14 	 Dilute to 500 ml with distilled water
 

5.2 	 Nitrite sock solution
 

5.21 	 Dissolve 0.1493 g of dried (24 hours in desiccator) anhydrous sodium
 

nitrite in distilled water
 

5.22 	 Dilute to 1000 ml
 

5.23 	 Preserve with 2 ml chloroform per liter
 

5.3 	 Nitrite standard solution
 

5.31 	 l)ilute 10.0 ml of the stock solution to 1000 ml
 

6. 	 Procedure 

6.1 	 Adjust the pll of the sample to 6 with 1:3 IICI
 

6.2 	 If necessary, filter the sample through a 0.45 u pore size filter using the first
 

portion 

6.3 	 Place 50 nil of sample or an aliqliot diluted to 50 ml in a 50 ml Nessler tube,
 

hold until preparation o' standards is completed
 

6.4 	 At the sait line prepare a series of standards in 50 nil Nessler tubes as follows
 

nml of standard soltition cone. when diluted to 50 ml (ximg/1) 

0.0 	 blank
 
0.5 	 0.01
 
1.0 	 0.02
 
1.5 	 0.03
 
2.0 	 0.04
 
3.0 	 0.06
 
4.0 	 0.08
 
5.0 0.10
 
10.( 0.20
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6.5 	 Add 2 ml of buflfcr--color reagent Ioeach standard and sample, mix and allow 

color to develop for at Icast 15 min. The color reaction meclium should be 

between p-1 1.5 and 2.0 

6.6 	 Read the absorption in the spectrophotometer at 540 nm against the blank and plot 

concentration of NO2,-N against absorbance 

7. 	 Calculation 

7.1 	 Read the concentration of N0 2-N directly from the curve 

7.2 	 For less than 50 ml of sample
 

N0 2-N, mg/l = mg/I from std.curve x 50
 

ml sample used
 
Note: 	 * Samples should be analyzed as soon as possible. They may be stored for 24 to 

48 hours at 4"c 

Reference 

1. 	 EIPA/600/4-79/020 MethodJ for Chemical analysis of water and wastes 

2. 	 Standard method for the examination of water and wastewater, 17th edition, 1989 
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DISSOLVED OXYGEN Titriinetric 
mg/' 

Interferences 	 Oxidizing and reducing agents, nitrate ions, ferrous ions and 

organic matter will interfere 

Precision and accuracy 	 Exact data are unavailable on the precision and accuracy; however, 

the reproducibility is reported approximately as 0.2 mg/l of DO at 

the 7.5 mg/I level 

1: 	 Background 

1.1 	 The method is applicable for use with most wastewaters and streams that contain 

nitrate, nitrogen and not more than I mg/I of ferrous ions 

1.2 	 Other oxidizing and reducing materials should be absent 

1.3 	 The dissolved oxygen probe technique gives comparable results on all sample 

types 

2. 	 Summary of method 

2.1 	 The precipitate with manganous sulfate combines with the dissolved oxygen in the 

sample to form a brown precipitate (manganic hydroxide) 

2.2 	 Upon acidification with sulfuric acid, the manganic hydroxide forms nianganic 

sulfate which acts as an oxidizing agent to release free iodine from the potassium 

iodide 

2.3 	 The iodine is then titrated with sodium thiosulfate 

3. 	 Apparat us 

3.1 	 Sample bottles 300 ml + 3 nil capacity BOI) incubation bottles with tapered 

ground glass pointed stoppers and flared mouths 

3.2 Pipets with elongated 	 tips capable of delivering 2.0 ml 4-0. 10 ml of reagent 
4. 	 Ragenis 

4.1 	 Manganous sulfate solulion 

4.2 	 Alkaline iodide azidce solution 

4.3 acid 
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4.4 	 Starch solution
 

4.5 	 Potassium I'luoride solution
 

4.6 	 Sodium thiosulfate stock solution
 

4.7 	 Sodium thiosulfate standard titrant
 

4.8 	 Potassium bioiodate standard
 

5. 	 Preparation of standards 

5.1 	 Manganous sulfate solution
 

5.11 	 Dissolve 480 g Manganous sulfate (MNSO 4.4H 20) in distilled water and
 

dilute to one liter
 

5.2 	 Alkaline iodide-azide solution
 

5.21 	 Dissolve 500 g of Sodium hydroxide or 700 g of Potassium hydroxide and
 

135 g of Sodium iodide or 150 g of Potassium iodide in distilled water 

and dilute to one liter 

5.22 	 Add 10 g of azide (NaN 3) dissolved in 40 ml of distilled water
 

5.3 	 Starch solution
 

5.31 	 Prepare an emulsion of 10g soluble starch in a motar or beaker with a
 

small quantity of distilled water
 

5.32 	 Pour this emulsion into one liter of boiling water, allow to boil for few
 

minutes
 

5.33 	 ILt settle overnight
 

5.34 	 Use the clear supernate
 

5.4 	 Potassiumn fluoride solution
 

5.41 	 )issolve 40 g polassium fluoride (KIK21120) in distilled water
 

5.42 	 lDilutc to 100 ml
 

5.5 	 Sodium thiosulfate stock solution (0.75 N)
 

5.51 	 )issolve 18f). 15 g NaS 203.51 1,(0 in boiled and cooled
 

distilled water
 

5.52 	 Dilute to I liter
 

5.53 'reserve by addin, 5 inl chloroform
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5.6 	 Sodium thiosulfate standard titrant (6.0375 N) 

5.61 	 Dilute 50.0 nil of stock solution to I liter 

5.62 	 Preserve by adding 5 ml of chloroform 

5.7 	 Potassium bioiodate standard (0.0375 N) 
5.71 	 Dissolve 4.873 g of Potassium bioiodate previously dried for 2 hours at 

1030C in 100 ml distilled water 
5.72 	 To prepare working standard dilute 250 ml to 1000 ml for 0.0375 N 

bioiodate solution 

6. 	 Procedure 

6.1 	 To the sample collected in the BOD incubation bottle (300 ml), add 2 ml of the 

manganous sulfate solution 

6.2 	 Add 2 ml of the alkaline iodide-azide solution
 

care
6.3 	 Stopper with to exclude air bubbles and mix well by inverting the bottles 

several times 

6.4 	 When the precipitate is settled, shake again 
6.5 	 When settling has produced at least 200 ml of clear supernatant, carefully remove 

the stopper and immediately add 2 ml of cone. H2SO4 by allowing the acid to run 

down 	the neck of thc bottle 
6.6 	 Re-stopper and mix by gentle inversion until the iodine is uniformly distributed 

throughout the bottle 

6.7 	 Transfer the entire bottle contents by inversion into a500 nil wide mouth flask 
6.8 	 Titrate with 0.0375 N thiosulfate solution to pale straw color (if the end point is 

overrun back titrate with 0.0021 M hi-iodaiE solution added dropwise) 
6.9 	 Add 1.2 ilof starch solution and continue t.otitrate to the first disappearance of 

the blue color. 11ferric ion is present (IM0 to 200 mg/I) add 1.0 ml of KP 
solution bel'ore acidification 

7. 	 Calculation 

7.1 I'ach ml of 0.0375 N sodium thiosulfate titrant is equivalent to 1 nig )O when 

the entire bottle contents are titrated 

7.2. 	 ''hc soltubilIiy of I)() indistilled walcir, 
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(P - It) x 0.678 
ml/L DO ---.-. al. 0 --300 C... 

35 + T 
mlL DO = 	 (P - p) x 0.827 

--------------- at 30 - 50Y' C
49 + ' 

Where, P (rnmHg) - barometric pressure
 

T ('C) - temperature
 

/A(mmHg) - Saturated vapor pressure
 

Note: Various modifications for dissolved oxygen have been developed to compensate 

or eliminate interferences.
 

The azide modification removes interference 
 caused by nitrite, permanganate 
modification for the presence of ferrous ion, alum flocculation modification for 
the presence of suspended solids and the copper sulfate sulfamic acid flocculation 
modification on activated-sludge mixed liquor. 

References 

1. E-PA/600/4-79/020 Methods for chemical analysis of water and wastes 
2. Standard methods for the examination of water and wastewater, 17th edition, 1989 

138
 



AVAILABLE PIIOSPIIORUS 
COLORIMETRIC 

mg/I 

Lnear range 0.01 Io0.5 mg/I
Interferences High concentrations of silica may cause positive interference. Salt 

concentrations higher than 20%, nitrite and sulfide may also 
interfere.
 

Precision and accuracy For natural water samples containing increments of orthophosphate 
of 0.029 and 0.383 mg P/I, the precision was reported as 34% and 
6% respectively 
Accuracy was reported -4.95%as and -1.76% respectively for 
above two samples 

1. Background 
1.1 The method covers the determination of orthophosphates in drinking, surface and 

saline waters and domestic and industrial wastes 
2. Summary ofmethod 

2.1 Ammonitim molybdae and antimony potassium tartrate react with orthophosphate 
to form an antimony phosphate molybdate complex

2.2 The complex is reduced with ascorbic acid to form a dleep colored blue 
molybdenum complex 

2.3 The color intensity is proportional to the phosphorous concentration 

3. ApparaLgiLts 
3. I A spectrophotomeler suilable for measurement at. 880 nm with path length of 20 

mim or more 
3.2 Acid-washed glassware: (wash with 1:3 Iic and distilled water) 

4. Reagents 

4.1 lPhenolphthalcin indicator soltition 

4.2 Sulfuric acid (31-4 69) 

4.3 Combined reagent 

139 



4.4 Standard phosphorus solution 
5. Preparation of standards 

5.1 Phenolphthalein indicator solution (5 g/l) 
5.11 Dissolve 0.5 g of phenolphthalein in a mixture of 50 ml ethyl or isopropyl 

alcohol and 50 ml water 
5.2 Sulfuric acid (31 +69) 

5.21 Add 310 ml of concentrated sulfuric acid toabout 600 ml of water 
5.22 Cool the solution and dilute to I liter with water 

5.3 Combined reagent 
5.31 Dissolve 0.5 	g of ascorbic acid in 100 ml of solution mixture (5.4) 

5.4 Solution mixture 
5.41 Dissolve 0.13 	g of antimony potassium tartrate IK(SbO)C4H40 6.1/2 H201 

in a I liter volumetric flask containing about 700 ml water
5.42 Add 5.6 g of ammonium molybdate I(NJI 4)6Mo 7O4.4H20 ] and shake the 

flask until dissolved 
5.43 Cautiously add 70 ml of concentrated sulfuric acid while stirring 
5.44 Cool the solution and dilute to I liter 

5.5 Standard phosphorus solution (1.(X) ml =-- 0.0025 	mg P) 
5.51 Prepare a stock solution by dissolving 0.2197 g of potassium dihydrogen

phosphate (dried at 105()C for 1 hour) in water and diluting to I liter with 
walter 

5.52 To prepare the standard solution, dilute 50 ml of the stock solution to I 
liter with water 

6. 	 Calibration 
Pipet oult 0, 1,2,4,7 and6.1 	 10 ml of' standard phosphorus solutions into 125 ml 
Irlennieycr flasks and dilute each to 50 m with water ( Gives 0, 0.05, 0.1, 0.2, 
0.35 and 0.5 ng/I of phosphorus) 

6.2 Add 10 nil of*combined reagent (5.3) to each 	sfaindro and swirl each flask
6.3 Af'cr 	a miniuni of iun. no10 but longer than 30 niin., measure the color 

absorbancc, of each solution 	al. 880 rinm (usc (ihe zero 	slalldar(d as ihe relerencc) 
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6.4 	 Plot ppm (milligram per liter) of phosphorus versus the absorbanec (astraight line 

passing 	through the origin should be obtained) 

7. 	 Procedure 

7.1 	 Pipet a volume of sample no greater than 50 ml (contain less than 0.25 mg of 

orthophosphate) into a 125 ml Erlenmeyer flask 

7.2 	 Dilute the sample to 50 ml with water if necessary 

7.3 	 Add a drop of phenolphthalein indicator solution 

7.4 	 If a red color develops add sulfuric acid (5.2) dropwise to just discharge the color 

7.5 	 Add 10 ml of combined reagent to the sample and mix well 

7.6 	 After a minimum of 10 min., measure the absorbance of the blue color at 880 nm 

(use 50 ml of water treated similarly to the sample as the reference) 

7.7 	 Determine the ppm of phosphorus from the calibration curve 

8. 	 Calculation 

Orthophosphate, mg/I = (A*50)/13 

where, A = phosphorus indicated by the calibration curve, mg/I 

13 = volume of sample analyzed in ml 

Note: Interference from nitrite or sulfide can be eliminated by adding an excess of 

bromide water or a saturatec"polassiun permanganate solution to the sample 
If the temperature of the test. solution is less than 20C, the color may develop 

0Jowly and incompletely 

Iefcrences 

I. 	 IiPA/6(X)/4.-79/020 Methods for chemical analysis of water and wastes 

2. 	 Standard methods Ioi the. cxaminalion of waler and wastewater, 17th edition, 1989 

3. 	 Annual book of"ASTM standards volI. I1.01 water(I), 1993 
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TO'I'AL PIOSPIHIOROUS COiORIMETRIC 
mg/I 

Linear range 0.01 to 1.2 mg P/I 

Interference Arsenate and high concentrations of iron may interfere 

Precision and accuracy For natural water samples containing increments of total 

phosphorus of 0.110 and 0.882 mg P/i, the precision was reported 

as 30% and 15 %respectively 

Accuracy was reported as +3.09% and -0.92% respectively for 

the two samples 

1. 	 Background 

1.i 	 The method covers the determination of specified forms of phosphorus in 

drinking, surface and saline waters, domestic and industrial wastes. 

2. 	 Summary of method 

2. I 	 Ammonium molybdate and antimony potassium tartrate react in an acid medium 

with dilute solutions of phosphorus to form an antimony-phospho-molybdate 

complex. This complex is reduced to an intensely blue-colored complex by 

ascorbic acid. 'he color is proportional to thie phosphorus concentration. 

3. 	 ApparaLus 

3.1 	 Spectrophotometer suitable for measurements at 660 or 880 nm with a path length 

of I cm. 

3.2 	 Acid washed glassware (wash with . I II and distilled waler). 

3.3 	 Water bath, 95' c. 

4. 	 Reagents 

4.1 	 Ainimonium molybdate-antiniony potassium lartrate solution. 

4.2 	 Ascorbic acid solution. 

4.3 	 Sulfuric acid (11 N). 

4.4 Sodium bisulfitc. solutlion.
 

'I.s ArfltA-iimU uJm persul liw..
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4.6 	 Phosphorus solution stock.
 

4.7 	 Phosphorus solution standard.
 

5. 	 Preparation-of standards 

5.1 	 Ammonium molybdate-antimony potassium tartrate solution.
 

5.11 	 Dissolve 8 g of ammonium molybdate and 0.2 g antimony potassium
 

tartrate in 800 ml of distilled water and dilute to I liter.
 

5.2 	 Ascorbic acid solution
 

5.21 	 Dissolve 60 g of ascorbic acid in 800 ml of distilled water and dilute to
 

I liter.
 

5.22 	 Add 2 m of acetone.
 

5.3 	 Sulfuric acid, II N
 

5.31 	 Slowly add 310 ml of cone. 1-2SO4 to approximately 600 ml distilled
 

water.
 

5.32 	 Cool and dilute to 1(0 ml.
 

5.4 	 Sodium bisulfite solution
 

5.41 Dissolve 5.2 g of NallSO, in 100 ml of 1.0 N 112S0 4.
 

5.5 	 Phosphorus solution stock
 

5.51 	 l)issolve 0.4393 g of pre dried (105')C for one hour) KH12P0 4 in distilled
 

water and dilute to I liter.
 

5.6 	 Phosphorus solution standard
 

5.61 	 l)ilute I00 ml of slock phosphorus solution to I liter with distilled water.
 

5.62 	 lreparc an approximate series of standards by diluting suitable volumes
 

of slandard or stock solutions to 100 ml with distilled water.
 

6. 	 Procedu '. 

6.1 	 'l'ransfcr 50 ml of sample or an aliquot diluted to 50 ml into a 125 ml Urlenmeyer
 

flask.
 

6.2 	 Acid I ml of 11 N sulfuric iicid.
 

6.3 	 Add 0.4 g ammoniutn persull'ate, mix and boil gently for approximately 30-40
 

rn in. or until a Final volunic of about 10 ml is reached.
 

0.4 	 Altcirmaiavcly ical f r 30 nii Ii. inan aitoc.lavc dl 2P c (I5-20 psi).
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6.5 Cool, dilute to approximately 40 ml and filter.
6.6 lor samples 	 containing arsenic or high levels of iron, add 5 ml of sodiumbisulfite, mix and place in a 95 c water bath for 30 	min. Cool and dilute Io 50 

ml. 
6.7 To 50 ml of 	sample or standard add 4 ml of ammonium molybdate-antinrony 

potassium tartrate and mix. 
6.8 Add 2 ml of ascorbic acid solution and mix.
6.9 	 After 5 min. measure the absorbance at 650 nm with a spectrophotometer.
6.10 Determine the phosphorus concentration from the standard curve. The color is 

stable for at least 1 hour. 
7. Caleulatiqn 

7.1 Prepare a standard curve by plotting the absorbance values of standards versus te 
corresponding phosphorus concentrations. 

7.2 Obtain concentration value of sample directly from standard curve. 
7.3 Report results as 1), mg/I.

Note: * If benthic deposits arc present in the area being sampled, great care should be 
taken not to include these deposits.• Sample containers may be or plastic material or of Pyrex glass.• The sample should be preserved by the addition of 2 ml cone. 112SO per liter and 
refrigeration at 4" c.• The interferences may be eliminatel by the bisulfitce treatment. 

.Relerences 
eI. HIPA/600/4-79/020 Methods for C.hemiical Analysis of' Water and Wastes.2. Standard Metjihods for the lixarnination of Water and Waslewater, 17 h E'dition, 1989. 

144
 



SU I'AI'E 'i'urbidimnetric 
mg/I 

Linear range All concentration ranges of sulfate 

Detection limit I mg/I sulfate 

Interference Suspended matter in the sample and color may interfere 

Precision and Accuracy For a synthetic, unknown sample containing 259 mg/i sulfate, a 

relative standard deviation of 4:7% and a relative error of 1.9%" 

were reported 

1. 	 Background 

1.1 The method is suitable for drinking and surface waters, domestic and industrial 

wastes 

2. 	 Summary of method 

2.1 	 Sulfate ion is converted to a barium sulphate suspension. The resulting turbidity 

is then determined 

3. 	 ADparatus 

3.1 	 Magnetic stirrer 

3.2 	 Photometer 

3.3 	 Stop watch 

3.4 	 Measuring spoon (capacity 0.2 to 0.3 ml) 

4. 	 R1aVenl1s 

4.1 	 Conditioning reagent 

4.2 	 Barium chloride crystals 

4.3 	 Sodium carbonate solution 

4.4 	 Standard sull'ale solution 

5. 	 PrqparatIo.n of stan(ards 

5. I 	 Conditioning reagent 

5.11 	 Place 30 nil cone. 111, 300 ml distilled water, 100 ml 95% ethanol or 
isol*-l)lmfl JmIT5 V,NaCl in solutilio in a conmainer 
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5. 12 	 Add 50 ml glycerol and mix 

5.2 	 Standard sulfate solution
 

5.21 	 )issolve 142.0 mg anhydrous Na2SO 4 in distilled water in a I liter
 

volumetric flask
 

5.22 	 Dilute to the mark with distilled water
 

6. 	 Cal ibration 

6.1 	 Prepare a calibration curve using standard sulfate solution (follow 7.1 and 7.2)
 

6.2 	 Space standards at 5 mg/I increments in the 0-40 mg/I sulfate range
 

6.3 	 Check reliability of calibration curve by running a standard with every 3 or 4
 

samples
 

7. 	 Procedure 

7.1 	 Formation of barium sulfate turbidity
 

7.11 	 Place 100 ml sample, or a suitable portion diluted to 10) mil into a 250
 

Eirlenmeyer flask
 

7.12 	 Add exactly 5.0 ml conditioning reagent
 

7.13 	 Mix in the stirring apparatus
 

7.14 	 While the solution is being stirred, add a measuring spoonful of OaCI
. 

crystals and begin tlining immediately 

7.15 	 Stir cxactly for 1.0 minute at constant speed
 

7.2 	 Measurement ol barium sull'ate turbidity
 

7.21 	 Immediately after the stirring period has ended, pour solution into
 

absorbancc cell
 

7.22 	 Measure turbidity at 30 s cond intrvals for 4 minutes (at. 420 nm)
 

7.23 	 Record Ihc maxiniurn icading oblaincd in the 4 minute period
 

7.3 	 Correction for sample color and turbidity
 

7.3 1 Run a sample blank using Ihc. procedure 7. I and 7.2 without. the addition
 

of bariu ni eoride
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8. 	 Calculation 

Read mg- SO4 from calibration curve 

nmg-SO 4x 1 (X)0 
Mg-S0 4/1 	 ----------

ml sample 

Note: * Silica in concentrations over 500 mg/I will interfere 

Reference 

1. 	 EPA/600/4-79/020 Methods for chemical analysis of water and wastes 

2. 	 Standard methods for the examination of water and wastewater, 17th Edition, 1989. 

3. 	 Annual Book of ASTM standards,vol.11.02,1986 
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5.5 	 Organics 

BIOCHEMICAL OXYGEN DEMAND Titrimetric 
BOI)0 mng/I 

Linear range 	 The working, range is equal to the difference between the 

maximum initial DO and minimum DO residual of I mg/ 

multiplied by the dilution factor 

Detection limit 	 2 mg/l 1)O 

Interferences 	 Long storage between collection and analysis may degrade the 

samples, resulting low BOD values 

Precision and Accuracy 	 For natural water samples having mean values of 2.1 and 175 

mg/I BOD, the precision was reported as 33% and 15% 

respectively 

I.	 Background 

1.1 	 l'hc test is used for determination of the relative oxygen requirements of 

municipal and industrial wastewaiers 

2. 	 Su _mr yo-.Method 

2.1 	 l'he sample o' waste or an appropriat(l dilution is incubated for 5 days at 20"C in 

th. darl(. The reduction in dissolved oxygen concentration during the incubation 

period yield a mcasure of the biochemical oxygen demand 

3. 	 Apparatu

3. I 	 Ineubi(tion botlies, 250 300 nl capaniil 

3. I I 	 Clean bottles with a detergent., rinse thoroughly and drain before use 

3. 12 'To avoid drawing air into th~e dilution bottle during incubation, use a 

watcrseal 

3.2 	 Air incubator or water bath
 

('hlermosatically controlled at 20 1 W()
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4. 	 Reagents 

4.1 	 Phosphate buffer solution
 

4.2 	 Magnesium sulfate solution
 

4.3 	 Calcium chloride solution
 

4.4 	 Ferric chloride solution
 

4.5 	 Acid and alkali solution
 

4.6 	 Sodium sulfite solution
 

4.7 	 Nitrification inhibitor- 2-chloro-6-(trichloromethyl)pyridine
 

4.8 	 Ammonium chloride solution
 

5. 	 Preparation of standards 

5.1 	 Phosphate buffer solution
 

5.11 	 Dissolve 8.5 g KI] 2P0 4, 21.75g K2HPO4, 33.4 g Na 2HPO4.7H 20 and 1.7
 

g N 4C in about 500 mi distilled water and dilute to I liter (The pll
 

should be 7.2 without further adjustment)
 

5.2 	 Magnesium sulfate solution
 

5.21 	 l)issolve 22.5 g MgSO 4.71 20 in distilled watei
 

5.22 	 Dilute to I liter
 

5.3 	 Calcium chloride solution
 

5.31 	 )issolve 27.5 g CaCI2 in distilled water
 

5.32 	 l)ilute to I liter
 

5.4 	 Ferric chloride solution
 

5.41 	 )issolve 0.25 g ileC1 3.611.0 in distilled water
 

5.42 	 I)ilute to I liter
 

5.5 	 Acid and alkali solution
 

5.51 	 Acid- slowly add 28 nil cone. sulfuric acid to distilled water and dilute to
 

I liter
 

5.52 	 Alkali- l)issolve 40 g sodium hydroxide in distilled water and dilute to I
 

liter
 

5.6 	 Sodium sulf'it solution
 

5.61 	 I)is;,olvc 1,575 of NaSO in 1000 rnl distilled water. (this solulion is Int~
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stable) 

5.7 	 Ammonium chloride solution 

5.71 	 Dissolve 1.15 g NH4Ci in about 500 ml distilled water, adjust pH to 7.2 

with NaOH solution 

5.72 	 Dilute to I liter 

6. 	 Procedure 

6.1 	 Preparation of dilution water 

6.11 	 Place desired volume of water in a suitable bottle and add I ml each of 

phosphate buffer, MgSO 4, CaCI2 and FeCI3 solutions per liter of water 

(seed dilution water if desired) 

6.12 	 Before use, bring temperature of dilution water to 20C 

6.13 	 Saturate with DO by shaking in a partially filled bottle or by aerating with 

organic free filtered air 

6.14 	 Store in cotto.-plugged bottles long enough for water to become saturated 

with DO 

6.2 	 Sample pretreatment 

6.21 	 Neutralize samples to pH1 6.5 to 7.5 with a solution of sulfuric acid or 

sodium 	hydroxide of such strength that the quantity of reagent does not 

dilute 	the sample hy more than 5 % 

6.22 	 If residual chlorine is present in the sample dechlorinate the sample and 

seed the diltition water 

6.23 	 Special study and trealmcnt is needec for the samples containing toxic 

substances such as industrial wastes 

6.24 	 For samples containing more than 9 mg 1)O/I al. 2OWC to prevent loss of' 

oxygen during incubation, reduce )O to saturation at 20 C. 

6.25 	 This can be (lone by bringing the sample to about 20)C in a partially filled 

bottle, while agilating by vigorouis shaking or by aerating with clean, 

filtered compressed air 

6.26 Bring samp';:, to 20 .4IC before mnaking dilution
 

6.2'7 11 nitriticatiol inhibition is desired add 3 ing 2.chlor.,-6(frichloro methyl)
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pyridene to each 300 ml bottle before capping or add sufficient amounts 

to the dilution water to make a final concentraion of 10 mg/I 

6.3 	 Dilution technique 

6.31 	 Dilution that results in a range of 1 to 2 mg/I of residual DO after 5 days 

of incubation, produces the most reliable results 

6.32 	 Make several dilutions of prepared sample to obtain DO uptake in this 

range 

6.33 	 Prepare dilution directly in BOD bottles. The number of bottles to be 

prepared for each dilution depends on the DO technique and the number 

.of replicates desired 

6.34 	 Wiien ceding is necessary, add seed directly to dilution water or directly 

to the BOD bottles 

6.35 	 Fill bottles with enough dilution water, so that insertion of stopper will 

displace all air, leaving no bubbles 

6.36 	 For dilutions greater than 1:100 make a primary ddjjtion in a graduated 

cylinder before making final dilution in the bottle 

6.4 	 l)etermination of initial 1)O 

6.41 	 Refer the procedure given in the test method for dissolved oxygen to 

determine 1)O 

6.42 	 If the sample contains materials those react rapidly with DO,determine 

ihitial 1)0 immediately after filling 110) bottle with diluted sample 

6.43 	 Use the azide modification of the iodometric method to determine initial 

1)O on all sample dilutions, dilution vater blanks, and where appropriate 

seed controls 

6.5 	 Dilution water blank 

6.51 	 Use a dilution water blank as a rough check on quality of unsceded 

dilution bottles 

6.52 	 )etermine initial and final )O as above (6.4) The 1)O uptake should not 

be more than 0.2 mg/l 

6.6 	 Ineut)ation 
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6.61 	 Incubate 1101) bottles containing desired dilutions at 20"C ± IUC and 

waterseal 

6.7 	 Determination of final DO 
6.71 	 After 5 day incubation determine DO in sample dilutions and blanks as in 

6.4 

7. 	 Calculation 

when dilution water is not seeded 

DI-D 2
BOD 5 mg/I = P 

When dilution water is seeded
 

(D,-D 2) - (131-B2)f
BeD,mg/I ----------

P 

Where, I), = DO of diluted sample immediately after preparation mg/I 

2 = DO of diluted sample after 5 day incubation at 200C mg/I 
1) = decimal volumetric fraction of sample used 

132 = I)Of seed control after incubation mg/I 
f = ratio of seed in diluted sample to seed in seed control, ie. (% seed 

in diluted sample)/(% seed in seed control) 

.= 1)O of*seed control before incubation mg/I 

Note: It is necessary to have micro-organisms capable of oxidizing the biodegradable 

organiermatter in the sample ior samples do not contain a sufficient microbial 

population.
 
In such situations seed the dilution water by adding a population of'
 

microorganisms.
 
The preferred seed is effluent from biological treatment systems processing the
 

Waste, 
Reflerence 

H1PA/600/479/020 Method for Chemical analysis of water and wastes 

2. 	 Standard method for the examination of water and wastewater, 17th edition, 1989 
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CHIEMICAL OXYGEN DEMAND 	 Titrimetric 
CO) 	 mg/I (low level) 

Linear range 5-50 mg/l COl)
 

Interferences Traces of organic materials either from glassware or atmosphere
 

may, cause a positive error. Chlorides are oxidized by dichromate 

and represent a positive interference 

Precision and accuracy 	 For a sample of distilled water containing 12.3 mg/i COD, the 

precision was reported as 34% with an accuracy of 0.3% relative 

error 

1. 	 Background 

1.1 	 The method can be applied to the analysis of surface waters, domestic and 

industrial wastes with low demand characteristics 

2. 	 Summary of Method 

2. I 	 Organic and oxidizable inorganic substances in an aqueous sample are oxidized 

by potassium dichromate solution in 50 percent (by volume) sulfuric acid 

2.2 	 The excess dichromate is titrated with standard ferrous ammonium sulfate using 

orthophenanthrolinc ferrous 	complex (ferroin) as an indicator 

3. 	 Apparatus 

3. 1 	 Relux apparatus 

Glassware should consist of a 500 ml Jrlenmeyer flask or a 300 ml round bottom 

flask rn'ide of heat--resistant glass connected to a 12 inch Allihn condenser by 

means 	of a ground glass joint 

4. 	 REagents 

4.1 	 Distilled water (should be very low in organic matter) 

4.2 	 Standard potassium dichromae solution 

4.3 	 Sulfuric acid reagent 

4.4 	 Standard ferrous ammonium sulfate solution 

4.5 	 McrctirIc sulfiatc. powdci 
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4.6 	 F1henanthroline ferrous sulfate indicator solution
 

4.7 	 Silver sulfate powder
 

4.8 	 Sulfuric acid cone.
 

5. 	 Preparation of standards 

5.1 	 Standard potassium dichromate solution (0.025N)
 

5.11 	 Dissolve 12.259 g K2Cr2O7, (primary standard grade, previously dried at
 

103C for two hours) in distilled water
 

5.12 	 Dilute to 1000 ml
 

5.13 	 Mix the solution thoroughly then dilute 100.0 ml to 1000 ml with distilled
 

water
 

5.2 	 Sulfuric acid reagent
 

5.21 	 Dissolve (with continuous stirring) 23.5 g silver sulfate, in 4.09 kg bottle
 

of sulfuric acid
 

5.3 	 Standard ferrous ammonium sulfate (0.025N)
 

5.31 	 Dissolve 98 g of Fe(N-1 4)2(SO4)2.6H-1
20 in distilled water 

5.32 	 Add 20 ml cone. H2SO4 (4.8), cool and dilute to I liter
 
5.33 	 This solution must be standardized daily against K2Cr207 solution
 

5.4 	 Phenanthroline ferrous sulfate indicator solution
 

5.41 	 I)iss,!vc 1.48 g of 1-10 (ortho) phenanthroline monohydrate, together with
 

0.70 g 	of 1'eSO 4.71-120 in 100 ml of water
 

6. 	 Procedure 

6.1 	 Standardization of ferrous ammonium sulfate solution
 

6.11 	 T1o 200 ml of distilled water add 25.0 ml of 0.025 N K2Cr2 ,07 (4.2)
 

solution
 

6.12 	 Add 20 ml of I1,S04 (4.8) and cool
 

6.13 	 Titrate with ferrous ammonium sulfate (4.4) using 3 drops of ferroin
 

indicator (4.6)
 

6.14 	 The color change is sharp, going from blue-green to reddish-brown
 

(ml K2CrPO.)(0.025)
Normaly 
iI Fe, (NI I,02(S(O)I, 
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6.2 	 Place several boiling stones in the reflux flask, followed by 50.0 ml of sample or 

an aliquot dilute to 50.0. ml and I g of 1lgSO4 

6.3 	 Add 5.0 ml conc. [-12SO 4 (4.8), swirl until the mercuric sulfate has dissolved 

6.4 	 1Place reflux flask hn an ice bath and slowly add (with swirling) 25.0 ml of 0.025 

N K2Cr2()7 (4.2)

6.5 	 Now add 70 ml of sulfuric acid silver sulfate solution (4.3) to the cooled reflux 

flask, again using slow addition with swirling motion 

6.51 	 If volatile organics are present in the sample, use an Allihn condenser and 

add the sulfuric acid-silver sulfate solution through the condenser, while 

cooling the flask, to reduce loss by volatilization 

6.6 	 Apply heat to the flask and reflux for 2 hours 

6.7 	 Allow the flask to cool and wash down the condenser with about. 25 ml of 

distilled water (if a round bottom flask has been used, transfer the mixture to a 

500 ml I.rlenmeyer flask washing out the reflux flask 3 or 4 times with distilled 

water) 

6.8 	 )ilutc the1C acid solution to about. 300 nil with distilled water and allow the 

solution to cool itoabout. room temperature 

6.9 	 Add 8 to 10 drops of ferroin indicator (4.6) to the solution and titrate excess 

dichromate with 0.025 N ferrous ammonium sulfate (4.4) solution to the end 

point. The color changing from a blue-green to a reddish hue 

6.10 	 Simultaneously run ablank determinatior, using a low ('01) water in place of lhe 

sample 

7. 	 CQalIulat ign 

(A-13)N 	 x 80(X) 
COD, 	mg/I = 

S 

Where, A volume of Ie(N[-14)2(S0)) 2 solute required for titration of' 

the blank in ml 

13 volume ofIJc(NI 11),(S)4)?, solution reluired for titralion ofV 

t1h,.sar'le inI ]Il 

N normality of Ihc, I c(N I 14)2(So)4) sotlu ion 

15S
 



S volume or sample used for the test in ml 

Note: For organic carbon concentrations greater than 50 mg/I the titrinietric method mid 

level should be used 

When the chloride level exceeds 1000 mg/I in the sample the titrimetric method 

high level should be used 

Mercuric sulfate is added to the digestion fl'sk to complex the chlorides, thereby 

eliminating the interference 

Volatile materials may be lost when the sample temperature rises during the 

sulfuric acid addition 

Reference 

1. EPA/600/4-79/020 Method for Chemical analysis of water and wastes 

2. Standard method for the examination of water and wastewater, 17th edition, 1989 
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TOTAL ORGANIC CARBON UV promoted oxidation
/4gl 

Linear range 50 Mg/I to 10 mg/
 
Interference Homogenizing of the sample may loss of organic carbon
cause 

yielding low results 

Precision and accuracy For water samples containing 3.11 and 0.07 mg/l total organic 

carbon, the precision was reported as 4% and 29% respectively 
The accuracy was reported as 80% and 91 % of recoveries for 

samples containing 5.0 and 1.0 mg/ total organic carbon 

respectively 

I. Background 

1.1 	 The method is applicable for drinking water and other waters containing 

carbonaceous matter which is soluble or has a particle size of 0.2 nm or 	less 

2. 	 Summary of method 

2.1 A sample combined with acidified persulfate reagent is purged with helium to 

transfer inorganic CO, and purgeable organics to a CO2 scrubber. 

2.2 	 C() 2 is removed by helium purge 
2.3 	 The purgeable organic carbon is tlhen converted to methane by a reduction system 
2.4 	 The nethan, is deteced by a flame ionization detector 

2.5 	 Nonpurgeable organics are subjected to intense ultraviolet illumination in the 

presence of' the acidified persulfate reagent 

2.6 	 Then nonpurgeables are converted to ('()2 

2.7 	 In a second sparger by a helium purge CO, is transferred to the reduction system 

and into the (leector for methane measurement 

3. 	 Apparatus 

3.1 	 A blender 

3.2 	 Carbon analyzer 

3.3 	 Sampling (Ivic('c (a 5 il plass syringc) 
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4. 	 !,Wacnts 
4 .	 Real'crI'l di.stillcd w nlcr 

4, .	 I'OaslaSSitii hydrop,cri llhalate, stock so!luitin 

4.3 	 polassium hy(lrogcn phllhalate (2 rag/I)
 

4.1 	 polassiuin hydropcri phthlalacw (.5 mn/I)
 

4.5 	 Potassium hydrogen phlthalate (10 nlg/I)
 

4.6 	 Acidified persullaite reagent.
 

4.7 	 Carbonate-bicarbonatc, sl.ock solution (1000 mg carbon/)
 

4.8 	 Carbonate-bicarbonalc standard solution (50 ng/I)
 

5. 	 Preparation of standards 

5. I 	 Potassium hydrogen plhtlhalale stock solution 

5.11 	IDissolve 1.063 g of potassium hydrogen phthalatc in reagent distilled
 

water
 

5.12 	 l)illc to I liter
 

5.2 	 Potassium hydrogen phthalate solution (2 mg/I)
 

5.21 	 Pipet 4 ml of potassium hydrogen phthalate stock solution into a I liter
 

volumetric flask
 

5.22 	 l)ilute to tie mark with reagent distilled water
 

5.3 	 Potassium hydrogen phlthalate solution (5 mg/I)
 

5.31 	 Pipet I ml of' potassium hydrogen phthalate stock solution into a 100 ml
 

volumetric flask
 

5.32 	 Dilute to the mark with reagent distilled water
 

5.4 	 Potassium hydrogen phthalate solution (10 mg/I)
 

5.41 
 Pipet 2 ml of potassium hydrogen phthalate stock solution into a 100 ml 

volumetric flask 

5.42 	 Dilute to the mark with reagent distilled water
 

5.5 	 Acidified persulfate reagent
 

5.51 	 Place 100 ml of reagent distilled water in a container
 

5.52 	 Add 5 g of potassium persulfate
 

5.53 	 Add 3 ml of concentrated (85%) phosphoric acid
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------------------ 

5.6 	 Carbonate. bicarbonate slock solution (i ()0 Ing C/I) 
5.61 	 IIac:. 0.35()0 p of sodilnl bicarhoilalc and 0.'1 18 p,of sodium carbonate 

in a )100iiil volumetric flask 

5.62 )issolve with reagent distilled water and dilute to the mark 

5 7 ('arbonate. hicaroinalc stIndard soltillon (5 ni1,C/I) 

5.71 	 Place 5 ml of the slock solution (5.6) in a 100 ml volumetric flask 
5.72 	 Dilute 1.0 the mark with reagent distilled water 

6. 	 Calibration 

6. I 	 Calibration of the analyzer 

6. II 	 Run the reagent. distilled water and potassium hydrogen phihalate solution 

(5.0 mg/I) 

6.12 	 Transfer 10i ml of the solution with reagent. to the first. spirger and start 

analyzer cycle 

6.13 	 Ignore the meter reading for the first cycle 

6.14 	 Transfer a second 10i ml of lhe solution with reagent and start the cycle 

6.15 	 Record the meter readIing of the final carbon value for the reagent distilled 

water antd the standard (5.3) 
6.16 If the meter reading ismore than 25 %above or below the calculated value 

of standard (5.3) reanalyze and set the calibration within 25 % 
6.17 	 Reanalyze the system blank and begin 6.11 again, until the meter reading 

is within 25% 
6.18 	 Calculate the factor for the deviation of the instrument reading for ihe 

standard 	from the calculated value 

standard reading-calculated value 
FACfOR

calculated value 

Where, 	the calculated value isobtained by using the weight of potassium 
hydrogen phthalate and does not include the carbon contributed by the 

reagent 	distilled water 

159
 



6.19 	 Calculate the adjusted reading by, 

calculated value + (RDW -(FACTOR*RDW)) = mean reagent distilled 

value 

6.20 	 Push in CALIBRATE button after READY light comes on and adjust die 

SPAN 	control to the ADJUSTED READING calculated in 6.19 

7. 	 Procedure 

7.1 	 Analyze the standards 5.2 and 5.4 in order to check the linearity of the instrument 

( follow 6.11 to 6.14 ) 

7.2 	 Record the meter reading of the final carbon value for each of the standards 5.2 

and 5.4 

7.3 	 Analyze tie samples ( follow 6.11 to 6.14 ) 

7.4 	 Record the meter reading of the final carbon value for each sample 

8. 	 Calculation 

8.1 	 The values are read off the final digital readout in pg/l 

8.2 	 The system blank reading obtained must be subtracted from all reagent.distilled 

water, standard and sample readings 

Note: 	 * Total organic carbon measured by this method is the sum of the purgeable organic 

carbon and nonpurgeable orghnic carbon 
* 	 Purgeable organic carbon is lhe organic carbon matter that is transferred to the 

gas phase when the sample is purged with helium and which passes through the 

CO, scrubber 
* 	 Nonpurgeable organic carbon is the remainder after removal of purgcahle organic. 

carbon and which is converted (o CO2 

Reference 

I. 	 'IlA/6(M/4-79/02( Methods for chemical analysis of water and wastes 
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5.6 	 Microbial Paranieters 

5.6.1 	 Introduction 

Clean water is not a suitable substrate for the growth of microorganisms. The microbial 

growth in the water can be aggravated when water is contaminated with organic matter 

which provide food for microbes. .For example, waste water usually contains a high 

level of germs specially pathogens which can then find their way in to surface and 

groundwater. Therefore, care should be taken that drinking water should be free from 

pathogenic microbes. 

Microbiological analysis of water is used to monitor the ... diversity and density of 

microbes available in natural waters. In general such analysis includes determining the 

total number of germs capable of multiply ...... colony counts) as well as the detecting 

special type of germs which are considered as to the presence of hygienically 

unacceptable contai ination including pathogenic microbes. 

Microbes in Water 

Type Shape Status 

Bacteria unicellular 	 common 

Viruses unicellular > Itn rare
 

Yeasts Unicellular/cdn > < 2 1A rare
 

Moulds < 2 1 de... unicellular rare
 

Algae tin icel lIu lar/cohinn common
 

Protozoa unicellular conmon
 

Bacteria are the most important inicro-organisms'in water microbiology. Considerably 

smaller than bacteria are viruses which are significance for waste water and . is more 

or less numerous extract. Ilowever, aualysis of water for viruses is tiinc consuning an(I 

ollen tIroublCson and coniplicaled. Y'as. and moulds arc not very coimmon in sirfaec 
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water and they only play a subordinate role in surface water microbiology. They are 

frequently detected together with bacteria when analysis are being carried out with 

culture. Algae can also be considered as a group of microbes living in water. However, 

their diversity and density can easily be detected under light microscopes. The same 

applies to the unicellular animals known as protozoa. 

Bacteria are just visible under an optical microscope with thousand fold magnification 

especially when the cells have been ....by a suitable method. 

5.6.2 	 General requirement for microbiologicalwork 

1. 	 Analysis of pathogenic germs must be carried out only by experts with the 

appropriate special knowledge, observing the necessary precautions 

2. 	 Analysis of non--pathogenic germs also requires trained personnel and facilities 

which are suitably equipped for microbiological work 

3. 	 Glassware and equipment must be carefully cleaned and .sterilized each time 

before they are used 

4. 	 All apparatus itst )e mechanically cleaned using cleaning agents, rinse first. with 

clean tap water and then withl I',"hydrochloric acid and finally with listilled or 

clemineralized water. Glassware and equipment must be autoclaved at 120 C for 

30 min. before the cleaning process to avoil infection in the process of washing 

and rinsing 

5. 	 After cleaning the apparatus and glassware must he first. dried then sterilized for 

2 h at. 180 "(' to 200 (C in a hot air sterilizer 

6. 	 ('ulture mledia . 1 cullure solution Lust be sterilized with superheated steam in 

an auloclave at. 121 "Cfor 20-30 imin. at ]psi 

7. 	 Secondary infection or technical errors in sampling can falsify the accuracy of the 

extra microbioclogical investigation; therefore it is important that sampling must 

be carrie(l out. precisely 
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5.6.3 7he total colony counts - Pourplate method 

In order to determine the colony count, I ml of water in each case is pipetted into a 

sterile Petri culture dish and mixed with sterile nutrient gelatine or sterile nutrient agar. 

Nutrient gelatine is liquefied in a water bath at 35 'C and cooled to about 30 C before 

pouring into the culture dish. Nutrient agar is liquefied in boiling water and cooled to 

46 o± 2 TC before use. 73efore liquefying, a visual inspection should be carried out to 

check whether the nutrient medium contained in the tube is free of secondary infection, 

i.e. there are no indications of stored colonies of bacteria. 10 ml of the liquefied nutrient 

medium are added free of air bubbles to the pipetted water in the culture dish. 

Secondary infection from pumping or from water droplets on the outside of the nutrient 

medium glass should be avoided when filling the nutrient medium into the culture dish. 

Before pouring the nutrient medium, the tube edge should be flamed. Immediately after 

pouring, the nutrient medium and the water are mixed well by carefully swirling the 

culture dish sealed with a lid, using a motion in tie shape of a "figure 8". The prepared 

culture must then be allowed to solidify in a horizontal position. 

Nutrient. gelatine solidifies at. temperature below 25 C and cooling is therefore necessary 

in certain circumstances. 

It' high counts are expected in the water to be examined, it is advisable to prepare 

a series of*dilutions with sterile water and then to test the dilution stages 1:100, 

1: 1000, e.c. 

The culture with the solidified layer of nutrient nzedium is incubated at the prescribed 

temperature in the incubator or incubating chamber, whereby a maximum of 4 to 6 plates 

should be slacked one above the other. Plates and nutrient agar medium should be turned 

over after solidification and incubated with the layer of nutrient medium upwards in order 

to avoid precipitation of condensed water, particularly at higher incubation temperatures. 

Afler 11w J)rescrilbd illcUbal.iol period has elapsed, the visible coloitics are countc.d widi 
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the aid 	of a magnifying glass with 6x te 8x magnification. In order to facilitate counting, 

any suitable counting device can be used. Only cultures with a count not exceeding 

300/ml should he used to determine the count. If dilution series were prepared of 

contaminated waters, those plates on which between 30 and 300 colonies have grown 

should be counted. If more than 1/4 of the surface of the nutrient medium is overgrown 

with spreading colonies, the plate should be discarded. 

Gelatine cultures can only be incubated at 20 0 ± 2 C, as they liquefy at higher 

temperatures. Liquefication of gelatine is also possible as a result of microorganisms 

with proteolytic enzymes. It is therefore, recommended that an agar culture be prepared 

in addition to gelatine cultures, in which the germ yield, is as a rule higher than in agar 

cultures, so that figures for the numbers of germs can still be given even when gelatine 

liquefiers are present. Gelatine liquefiers frequently occur in surface water. The figures 

obtained from dilution series should be multiplied accordinp to 1he .010. of dilution 

1. 	 If the colony count determined lies above 100, the figures are rounded down 

to complete tens, inthe case of values over 1000 to complete hundreds, etc. 

2. 	 It is usual to indicate the nutrient media used and the length and temperature 

of incubation in the analysis report. 

5.6.4 	 The membranefilter method 

In the mernbranc. filter process, larger quantities of water can N. pressed or sucked 

through 	a sterile mnembrane filltcr inserted in the sterile filtering device. The filter is then 

stretched tree of bubbles on the surface of the solidified nutrient medium in a Petri 

culture 	dish and the culture thus prepared is then incubated. The nutriel)t substances in 

the medium mig ac through the, layer of the membrane filter to the germs on its upper 

surface 	so that they can form colonies there. It is important in this context that the 

surface of the fillt.r does not remain excessively damp, bec:,usc the germs float away in 

the resid ual w;l(r 1o contiable individual colonies ar. rfrmed. In gellral, fewcr 
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germs are recorded by the membrane filter method than by the pour-plate method which 

is officially prescribed in many cases. 

Instead of the nutrient agar in Peiri culture dishes, cardboard culture discs may also be 

used. The manufacturers of cardboard culture discs have incorporated soluble nutrient 

substances into the cardb(ard disc and sterilized them. The analyst must moisten the 

cardboard culture disc with sterile water according to the manufacturer's instructions and 

then place the filter disc on the cardboard, also making sure that there are no air bubbles. 

Colony counts can also be made using the surface method. In this 0.1 to 0.3 ml water 

is spread out on the surface of the solidified, sterile agar culture medium in the petri dish 

with the aid of a sterile spatula (Drigalski spatula). -lowever, this method also results 

in certain differences from the pour-plate method. 

Detection of Eschericlhia coli and coliform bacteria 

The cultivation of these microbes is carried out in one process. Two methods can be 

employed: 

I. 	 Liquid enrichment with lactde-peptone solution 

2. 	 Membrane-filter method using endoagar or endo-nutrient cardboard disks 

5.6.5 	 Liquid enrichment method 

Where the only question to be decided is whether Ischerichia coli and/or coliform 

bacteria are prcsent in 100 ml water or not, it is sufficient1o mix 1(X) nil of the water 

being analyzed with 100 ml lactose-peplone solution t" double concentration. After an 

incubation period of 20 +I-4 hours at 37 ('C, an examination is done to see whether acid 

and gas are being formed or not. If they arc not being formed, the composition of the 

water in terms of its levels of lIscherichia coli and coliform bacteria meets thc drinking 

water requirements and the analysis can be stopped. If, however, it is established that 

the lactose is fermenting with the formation of gas and acid, one has to establish whether 

the germs causing Ihis trc. Iischerichia coli or colif'orn bacteria, or whether the. germs 
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do not belong to the group of coliforMs. Ior this, a small quantity of the lactose-peptone 

solution, which has become turbid as a result of the growth of germs, is removed with 

a sterile platinum loop and fradtionated on the endoagar (fractionated means that the 

spreading is not carried out with the loop over the entire endo plate but that instead just 

one single strip of germs is applied to tie surface of the culture medium at the edge of 

the Petri dish). 

With the second loop, part of the material is now spread out on a third of the culture 

medium surface at right angles to the first. Then the dish is turned through a further 2Y' 

and part of the material is applied with a third sterile loop to the part of the culture. 

medium surface which has not. yet been coated. It is possihlc, in this way to obtain 

individual colonies, which can then be identified in the so-called "colour series". 

Moist, dark red colonies with a gold, iridescent metallic sheen can be suspected of being 

l'scherichia coli. as orColiform bacteria grow moist, red colonies with a continuous 

discontinuous metallic sheen, with or without the formation of slime. 

Generally speaking, colour series work today is carried out using the prepared systems 

or kits which are commercially available, such as API, IEntero-tube, Titertek, etc. These 

consist. of prepared culture medium systems which are inoculated with the cell material 

frorm oncsingle colony and then incubated. Ilandling and incubation must. be carried out 

in accordance with thc manufacturer's instructions. E'valuation is frequently carried out 

I). determining a number code on the basis of positive or negative metabolic reactions 

which take place with lie individual culture mediums used. After determining the 

nuniber code, one can read off the type of germ the suspect colony consists of in the 

catalogue supplied. 

When such prepared or ready-to-use systems are not available, the identificatiou culture 

nme-diums must be prepared in accordance with the recipes given in the section on culture 

nindia. These are then iMoculatcd and evaluated in accordance with Ihe characteristics 
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obtained. 

Incubation at. 35 TC for 48 hrs 

Membrane filter method 

I1. Preparation of plate 

Dispense I ml portion of sterile medium into 50 x 9 mm Petri dishes. Let them solidify 

at room temperature. Solidified plates may be stored inverted in a plastic bag in a 

refrigerator preferably no longer than I week. 

Filter appropriate volume of sample (i.e. to give 20 to 200 colony forming units per 

filter) through 0.45 f grided membrane filter pare. (47 mm in diameter) under partial 

vacuum pressor. Rinse the filter with sterile water and place it an agar in Petri dish. 

Incubate at 35 'C for 48 h if using m-lIPC agar. 

Counts of bacteria of fecal origin in surface water which suffer little human impact vary 

from < 1 to 30(X) organisms pe-r 100 ml. However, surface water in areas of high 

population density can have counts up to 10 million organisms per I(X) ml. 

Media Use tor Remarks 

'rryptor glucose yeast agar pour plate, spread plate gives lower counts 

m-IIPC agar membrane filter high nutrient media 

R2A agar pour plate, spread plate gives high counts 

Spread plate method 
* Prepare sample dilution as required, pipept 0. 1 or 0.5 nil sample oil to surface of pre.

dried agar plate. 

Distribute inoculumn evenly over the surface using a sterile bent glass-rod while rotating 

the dish by hand.
 
I(ct inoculurn he absorbed complelely into Ihe niedia I efore inctuhating.
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Determination of rotai coliform groups 

The coliform group comprises all aerobic and facultative anaerobic g... negative non

spore forming rod-shaped bacteria that ferment lactose with gas and acid formation 

within 48 h at 35 C. 

Method for determination of coliform groups 

1. Multiple tube fermentation Technique 

2. Membrane filter Technique 

Multiple-Tube fermentation Technique 

In this method results of the examination of replicate tubes and dilutions are reported in 

terms of the Most Probable Number (MPN) of organisms present which indicates the 

mean density of coliform present in the sample. Bacterial density can be estimated by 

the formulae given or from the table using the number of positive tubes in the multiple 

dilutions. 

Media:Various media have been proposed for the study of anaerobic bacteria. There is 

no single medium that we can recommend unequivocally. 
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CHAPTER 6 LABORATORY ORGANIZATION, I)ATA PROCESSING,
 

QUALITY CONTROL AND DISSEMINATION 

6.1 	 Laboratory Organization 

Laboratories must be organized or set up to meet the objectives of each assessment 

programme. Attention should be paid mainly to the choice of analytical methods. In 

many countries monitoring laboratories are organized on two tires. Regional laboratories 

(lower level) to conduct basic determination not requiring very complex equipment and 

central laboratories (higher level) to conduct more complex analysis requiring elaborate 

equipment and well trained personnel. In addition central laboratories often provide the 

regional laboratories with methodology. Compatibility of water quality data from 

different laboratories can only be ensured if identical or at least similar methods are used. 

Progress in analytical chemistry has stimulated the appearance of new, more elaborate 

and more efficient methods. However, replacement of existing methods often results in 

data compatibility witI' older methods which can cause problems in the statistical analysis 

of data time series. Studies of the conpatibility of new with old nethods must be 
undertaken. If new method is accepted into a monitoring programme an overlap period 

is required where samples are analyzed by both the new and old methods. 

6.2 	 Data Processing 

Analytical data collected by laboratories, together with the infornmation on sampling and 
hydrological parameters are usually sent to dala treatmirent center which is not practicable 

in our country. Ilowever, it is reasonable to have a common inforriation centre which 

can sunimarise the data from the entire country. The main objective of a data processing 

centre is the development, replenishment and management of data bank. At the initial 

stage of data bank development, attention should be focused principally on the accuracy 

of the stored information because the forms of output may be improved in the process 

of data bank exploitation. 
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6.3 	 Quality Control Program 

Quality Control IQCI is the process of monitoring laboratory analyses to ensure results 

of known and defensible quality,. A QC programme monitors test performance, and 
helps to identify problems with a specific analysis, and helps scientists in assessing tie 

reliability of results. Quality Control Programme is generally confined to a particular 

laboratory. 

Basic 	QC programme involves the analysis of control sample at the same time water 

samples are analyzed for the constituent of interest. The quality control materials are 

drawn from a pool that allows the same sample to be analyzed at frequent intervals over 

a long period (these controls will be supplied by the central laboratory). This process 

provides data on the same sample over an extended period. 

It is common for a specific control sample to be analyzed several times a day for a 

periol of a year or more. l)ata obtained from these analyses are processed statistically, 

and Irends in the values are monitored to asses the testing reliability. 

Control samples are provided with control values and -t-/- standard deviation range. This 

information allows an individual laboratory to compare its data. The data may help to 

identity a particular problem with an analysis or may indicate a better method for a 

procelure that is to be modified. 

A'good Q(' programme reluires the following tests to be (lone regularly to ensure the 

reliability of daa: 

I.	 Assessment of Analyst competence 

2. 	 Reagent blank check 

3. 	 Calibration with standards 

4. 	 l)uplicalt analysis 

5. 	 Irrors and Control charls 
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6.3.1 Assessment of Analyst Competence 

It is very important to be conversant with a particular analytical method before 

proceeding with real-world analysis. Follow the procedure given below to self-check 

your ability. 

Methodology 

1. 	 Select the water quality parameter that you intend to use in the assessment of analyst 

competence. 

2. 	 Prepare a standard sample having a concentration between 5 and 50 times of the detection 

limit. 

3. 	 Divide this standard into four portions of same concentration for replicate analysis. 

4. 	 Determine the concentration of replicates and record the results to calculate the precision 

of analysis. 

5. 	 Compare your results with the following chart. If the results do not give an acceptable 

value, get the confidence of the method before proceed further. 

Analysis Precision (%) Precision (%)
 

Concentration < 20x)., Concentration > 20xl).L
 

Metls 75 125 90.-- ItI0
 

Animis 75 125 90 - ItI0
 

Nutricnts 75 125 90. I 10
 

TOC 	 75 125 90. H0 

[Source: Nalrella, M.G., 1966. I'xperimental Slatistics 

6.3.2 	 Reageni /lank Check 

The purify of reagents plays an imporlant role in the overall results. Please follow the 

guidelines given in table x when selecting chemicals to prepare reagents for a particular 

analysis. 
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Rules of Thumb 

Rule 1: Always analyse a mininun of5% of the sample load as reagent blanks. 

Rule 2: Analyse a reageni blank after any sample with a concentration than that 

of the highest standard to avoid carryover from one sample to another. 

6.3.3 Calibration 

Rules of Thumb 

Rule 1: Always use four standards to plot calibration curve when an analysis is 

initiated. 

Rule 2: Verify the validity of calibration curve by analyzing two standards within 

the linear range before using previous calibration curve again. 

Rule 3: )o not report the values above the highest standard used in the calibration 

curve. l)o a dilution to bring the concentration of the sample down to the 

linear range of calibration curve. 

Rule 4: Remember! Lowest reportable value is the detection limit of the method,I 

provided the result is less than 10 time (election limit. 

Rule 5: I1a blank is subtracted, report the result even if it is negative. 

6.3. 4 Duplicate AnalySis 

in ordcr to assess the precision duplicate analyses is done. Always analyze 5% of the 

samples in duplicate. Check with (able X for acceptable results of duplicate analysis. 

6.3.5 h'rrors alt( Control (harts 

TwO types of errors may be encountered (luring analytical process: random and 

systematic. 

Random Error 

A rando n error is one with no Irend or means of predicting it. Frequently occurring 

random 'irors include: 

(a) Mislabeling a saIIlle, 
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(b) Pipeting errors 

(c) Improper 	mixing of sample with reagents 

(d) Voltage fluctuations not compensated by the instrument circuitry 

(e) Temperature fluctuations. 

Systematic Error 

A systematic error will be seen as a trend in data. Control values gradually rise (or fall) 

from the previously established limits. This type of error include: 

(a) Improper calibration 

(b) Deterioration of reagents 

(c) Sample instanility 

(d) Instrument 	drifts 

Control Charts 

Both random and systematic errors can be identified and corrected by plotting, the control 

solution results in the form of Control Charts. 

Construction 	of Control Charts 

.	 Obtain the mcan and standard deviation of' control solution. Usually the mean and 

standard deviation of the control solution is providedlrom the Central Monitoring 

I,ahoratory (Otherwise prepare [he control solution as prescribed in note I to determine 

these 	parmneters). 

2. 	 Plot the following lines as Y. co.ordinaes: 

line ! : Mean (x) 

Line 2 : Warning limits (WI,) Imean +/-3sl 

Linc 	3 Control limits (U1,) Inmean +/-2sl 

3. 	 Plot the date analyzed as X co-ordinales. 

4. 	 Prepare a separate control chart for each water quality parameter, and display it in the 

lab. 
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5. 	 When conducting routine analyses, always include a sample of control solution in tile 

batch. 

6. 	 Plot the results of control solufion in the respective control chart. Before proceeding 

further analyses note the following:
 

Scatter of points Precision
 

Average of points Systematic change in calibration curve
 

Check 	Points 

A. 	 Control limit (CL) 

If one measurement exceeds CL, repeat the analysis immediately. If the repeat within the 

CL, continue analysis. If it exceeds stop analysis and correct the problem. 

B. 	 Mean line (ML) 

If six successive samples are above the Ml,, analyze another sample. If the next point 

is below the ML, continue analysis; if the next point is on the same side, discontinue 

analyses and correct the problem. 

C. 	 Warn limit (WL) 

If two out of three successive points exceed a WL, analyze another sample. If the next 

point is less than WI, continue analysis; if the next point exceeds WL, discontinue 

analysis and correct thc problem. 

Note: 	 * As a rile of thumb, always prepare acontrol solution of concentration near upper 

lirmit of the calibration curve. 

6.4 	 Quality Assurance Prograinne 

A good qualily control programme is part of the overall goal of Quality Assurance 

IQAI, which cncompasses every aspect of' the laboratory operation from sample 

collection & preservation to the clear reporting of the final laboratory result. 'l'herefore 

Quality Assurance is concerned wihlithe total process, not simply control sample result. 

validalion. 
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Quality Assurance Check List 

1. 	 Quality assurance plan with authorization 

2. 	 Calibration graphs with recording facilities of occasional calibration points 

3. 	 Laboratory mean control charts 

4. 	 Quick guide of analytical methods 
5. Quick 	guide of the operation/preventive maintenance of equipment 

6. 	 A laboratory copy of the operating manual and detection limit chart of all parameters 

analyzing in the lab 

7. 	 Status report of purity of reagents 

8. 	 Waste disposal procedures 

9. 	 Unified data coding sheets 

10. 	 Laboratory safety procedures 

11. 	 Laboratory book/ data recording 

If these information are not in order, please make immediate arrangements to have the 

documents ready in the laboratory. 

6.5 	 Interpretation and dissemination of data 

Interpretation of dala and disseminanlon of resulLs are the final two steps in an assessment. 

programme. Correctly, interpreted data will not be of much use if they are not. 

dissem iiiated to all relevant authorilies. Scientists and public is a form which is readily 

understandahfle by and -tcceplahle the largest audience. 'lh- form and level of' dala 

presentation is thereforc crucial. Ilsually, the interpretation of data is undertaken by 

subject specialists. Interpretations should always refer to the objectives and should also 

propose improvements including sirnpl iticat ions in the monitoring activities as well as Ilic 

need for bUrtlher research and guidelines for environmental planning and economic. 

development. Slbsequcntly these frinings should be (iscussed withlhe appropriatelcal, 

regional and national antlhoritics and as required others such as the industrial development 

api or national planning h.... Beside these autlhorities resulls should be coinmutnicated 

to water resources matiagenent. ''he public, association [Or cnvironmental prolectlion, 

edilat ional inslitltion, other counlri's and to internatiOnal on gani/ziti0ns. 
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APPENDIX UNITS 

Equivalence of unis 

Quantity Old style 	 SI system 

Volume 	 I dnin 
3
cmml 

Chemical amount eq mol 
(substance from context) (substance specified e.g. Na', zCa 2 ', iiKMNO4 ) 

Mass concentration jug mlV = mg 1 = ppm =gm-' ug cm3 = mg dm ' =gm3 

Chemical concentration N = eq 1' mol dm 
(.substance from context) meq 1- (substance specified) mmol dm "3 

'le non-standard symbol of chemical concentration 'M' applied to the SI 'mol dm 3 ' is very useful: 

for example Ca"' 6.0 neq 11
 
inCa'' 6.0 mmol I.
 
nCa' 6.0 niniol dinO
 
inCa'' 6.0 mM
 

are interchangeable 	dcscriptious wen used in an ionic balance calculation. 

specific gravity concentratiou (tool 1") 

11 	 25 1.127 7.7
 
36-38 1.18 12
 

I1NO, 	 65 1.40 14
 
70 1.42 16
 
96 1.50 23
 
100 1.52 24
 

I S( 4 	 25 1.36 3
 
96-98 1.84 18
 

IlP()4 	 88-90 1.75 16
 
99 1.88 	 19
 

NII,Ol I 	 25 0.91 13.4 
30 0.896 16
 
35 0.88 	 19.5 
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