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1.1 N T R O D U C T I O N 

In the Reuse of Drainage Water Project the DRI laboratory 
has an important task. In the measuring program about 250 
samples are taken to be analysed. Results of the analyses are 
used for further calculations. To assure the quality of the 
results the people working on laboratory have to be well 
trained. They have to use well documented methods and well 
functioning equipments. Methods used on the laboratory are well 
known and mostly described in the standard methods. In this 
manual these methods are presented on such a way, that they can 
be used with the specific instrumentation available on the DRI-
laboratory. For some methods theoretical backgrounds are 
presented. Methods used have to be calibrated on a proper way 
and it must be possible to check the calibration. Therefore the 
laboratory uses reference samples, check on calculations etc. 
which are described in this manual. Every instrument will fail 
when it is not kept under maintenance. This can be done by an 
service organization, but such an organization is not always 
present and mostly very expensive.However most of the 
maintenance can be done on the laboratory and the way to do it 
is described in the manual. 

At the moment techniques are changing very quickly and 
computers are used more and more. Therefore the effective 
lifetime of the this manual will be short because alaboratory 
has to work with a manual which is up to date. The complete 
manual is therefore also present on floppy disk with the head of 
the laboratory,she has the authority to make changes in the 
manual. The changes have to be made in all the distributed 
manuals. At least every two years a new version of the manual 
has to be distributed. This version of the manual is valid till 
January 1991. 



2 .P O S S I B I L I T I E S O F T H E D. R. I . 

L A B O R A T O R Y . 

On the DRI l abo ra to ry , i t i s p o s s i b l e t o conduct chemical , 
b i o l o g i c a l and p h y s i c a l r e s e a r c h . This manual d e a l s w i th t h e 
chemica l and b i o l o g i c a l d e t e r m i n a t i o n s . In o r de r t o do t h e 
work , l abo ra to r i e s and equipments a re a v a i l a b l e as descr ibed 
h e r e . 

2 . 1 CHEMICAL ANALYSIS. 

In the chemical p a r t of the l abora tory , samples are analysed 
for s e v e r a l parameters as p resented in t a b l e 1. Use i s made 
ofmodern equipments l i k e pH/mv-meters , c o n d u c t i v i t y m e t e r s , 
m o t o r b u r e t s , s p e c t r o p h o t o m e t e r s a f l amepho tome te r , K j e l d ah l 
equipment and an a tomic a b s o r p t i o n s p e c t r opho t ome t e r . A l so 
e q u i p m e n t s l i k e a n a l y t i c a l b a l a n c e s , s h a k i n g m a c h i n e s , 
c e n t r i f u g e s and t he n e c e s s a r y g l a s s w a r e and c h em i ca l s a r e 
a v a i l a b l e . The d i s t i l l e d water i s suppl ied with a d i s t i l l e d 
w a t e r a p p a r a t u s . The i n s t r u m e n t s u s ed f o r a c e r t a i n 
de terminat ion are a l s o given in t a b l e 1. The l a s t column in the 
t a b l e g ives the p r i n c i p l e of the method used. Some parameters 
can b e a n a l y s e d w i th d i f f e r e n t methods , which i s impo r t an t 
when one f a i l s . 

Table 1. Methods of t he chemical l a bo r a t o ry . 

Parameter 

pH 
Conductivity 
Chloride 
Chloride 
Bicarbonate 
Bicarbonate 
Sulphate 
Sodium 
Sodium 
Potassium 
Potassium 
Magnesium 
Magnesium 
Calcium 
Calcium 
Ammonium 
Nitrate 
Nitrite 

Instrument 

pH-meter 
conductivity-meter 
motorburet 
idem + mV-meter 
motorburet 
idem + pH-meter 
Spectrophotometer 
Flamephotometer 
AAS 
Flamephotometer 
AAS 
motorburet 
AAS 
motorburet 
AAS 
Kjeldahl dest. 
Spectrophotometer 
Spectrophotometer 

Principle 

Electrode 
Electrode 
Titration 
Titration/electrode 
Titration 
Titration 
Turbidity 
Atomic emission 
Atomic absorption 
Atomic emission 
Atomic absorption 
Titration 
Atomic absorption 
Titration 
Atomic absorption 
Titration 
Color development 
Color development 



2.2 BIOLOGICAL ANALYSIS. 

On the biological laboratory analysis are carried out in 
which micro-organism are involved. These are; BOD (Biological 
Oxygen Demand), MPN (Most Probable Number). Also the COD 
(Chemical Oxygen Demand) is determined in this section. All 
the equipment necessary to do these analysis is available on 
the laboratory as listed in table 2. 

Table 2. Equipments on the biological laboratory. 

Parameter Equipment 

COD COD-equipment,Digital buret 
BOD Oxygen electrode 
Test on micro-organism Steriliser,pump for media,plate 

counter,sterile filtration units, 
laminair flow bench, ice box. 

For microbiological work it is very important to handle 
samples in a sterile environment. Otherwise not the micro­
organism in the samples are determined, but those in the 
environment. During preparation of the media, micro-organism 
may enter the solutions. This is no problem, because all 
plates and tubes are sterilized before use. When the samples 
are inoculated in the media it is important to work sterile. 
With this work a laminair crossflow bench is used. In this 
bench air is filtrated over a very fine filter (HPA filter 
system). Micro-organisms and spores cannot pass through this 
filter. The air is blown over the working area with such a 
velocity that dust and micro-organisms cannot enter the bench. 
If the bench is cleaned with alcohol before use a sterile 
environment is obtained. 



D A T A M A N A G E M E N T . 

The computer is used more and more for management of data. 
Also on the DRI laboratory the computer will have an important 
place. Use of it on the laboratory is however just started and 
therefore a complete manual for data management cannot be given 
now. Introducing of a computer takes time and cannot be 
forced. That is why only a description is given how things have 
to be arranged. Partof it is done already by computer andthe 
rest of it by hand. 

Taking in mind the experience of other laboratories it is 
important to use standard software like D base and Lotus. 
Development of own software must be restricted as much as 
possible. For a good data management everything between 
ordering of sampling and the final data have to be described. 
A good cooperation between the laboratory and the project team 
is necessary. The whole system is primary made to prevent 
mistakes. Secondary it gives possibilities to check all steps, 
if there is doubt about the results. How things are organized as 
presented in fig 1. 

3.1 DESCRIPTION OF SAMPLES. 

The samples are received on the laboratory by the respon­
sable engineer. There must be a form on which all the relevant 
information of the samples is written as, parameters to be 
analysed, sample codes, EC-field and special remarks necessary 
to improve the results. Samples must have a code and a date,as 
for instance MGl 03/06/87. The code may have 5 characters. 
These codes are entered into the computer together with the EC 
measured in the field. Also a laboratory series and analyse 
number is entered and written on the bottle as RA3 (Re-use 
series A sample 1). To the computer a list is given with the 
parameters to be analysed. From the computer a datasheet is 
obtained to use in the laboratory. On this sheet check samples 
and questions about calibrations of the instruments are 
included. The samples and datasheets go to the engineers 
responsible for a certain project. 

or eng. 
or eng. 
or eng. 
or eng. 
or eng. 

Re-use 
Pilot areas 
Payum 
EPAD 
Others 

eng 
eng 
eng 
eng 
eng 
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3.2. ANALYSIS. 

On the datasheet all original results as titration 
volumes, normalities and sample volumes are written. These 
values are entered into the computer together with answers on 
the questions. The program is developed by Dr. Abdelklalik to 
calculate the chemical analyses. From the original results it 
gives the cation and anion concentration in meq/1. At the moment 
it calculates the sulphate concentration by difference and it 
calculates water quality parameters as SAR, adj-SAR, RSC and 
TDS. The EC is also calculated and compared with the measured 
EC. If the results are accepted, the program automatic 
transfers the data to D-base. The most easy way is to enter 
the original results as sample volumes, titration volumes and 
readings from instrument. The program has an option to enter 
calculated results. Only the head of the laboratory is allowed 
to make changes in the program in close cooperation with Dr. 
Abdelkhalik. 

In the case that a method is well calibrated it should 
give the same results analysing one sample several times. The 
results of such a sample, a reference sample, can be used to 
assure a constant quality of the laboratory. On the DRI 
laboratory 2 reference samples are present, one is 
representative for water samples, the other for soil paste 
samples. The results are registered on a control chart as shown 
in figure 2. 

I 0 r 
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• 17 8 

•_5% deviation 

• 3V« deviation 

•' A %• . - . _ ! ^ • H\ \ *-3% 
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deviation 
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J F M A M j J A S O N D J F 

fig 2. Control chart used for chlorid determination in 
water 



With t h i s cha r t i t i s p o s s i b l e t o p revent big mistakes. If 
e v e r y t h i n g i s c o r r e c t , a c o n s t a n t v a l u e between t he two 3 % 
l i n e s i s o b t a i n e d . 3 % i s t h e d e v i a t i o n , t h a t w i l l be 
a c c ep t e d . R e s u l t s between t h e 3 % and 5 % l i n e s a r e a l s o 
accepted, but the method must be screened. Devia t ions of more 
t h en 5 % a r e not a c c ep t ed . A r ea son must be found, b e fo re 
t h e method i s used for a no the r s e r i e s of s amp le s . Samples 
a n a l y s e d in t h e same s e r i e s h ave t o be r e a n a l y s e d o r 
r e c a l c u l a t e d . The l a t t e r i s on ly a l l owed i f t h e m i s t ake was 
caused by a m i s t ake in c a l c u l a t i o n or fo r i n s t a n c e a wrong 
normal i ty . In the f igure few examples are g iven: 

A The r e s u l t s are normal d i s t r i b u t e d , a l l r e s u l t s are accepted. 
B A d r i f t in the r e s u l t s i s v i s i b l e . When the d ev i a t i on 

was in t h e r eg ion between 3 and 5 % i t was found t h a t t h e 
n o r m a l i t y of t h e AgN03 was changed. C o r r e c t i o n gave t he 
r i g h t v a l u e aga in and t h e same c o r r e c t i o n was done for t h e 
samples. 

C A wrong sample volume was used. Reca l cu l a t i on gave the r i g h t 
v a lue . 

D In t h i s c a se no s p e c i f i c r e a son was found. A l l s o l u t i o n s 
were renewed and t h e r e s u l t s were good a g a i n . Because no 
c l e a r r e a son was found, a l l s amples of t h e same s e r i e s were 
r eana lysed . 

Carbonate and b i ca rbonate 

Sometimes, e s p e c i a l l y when wastewater i s flowing i n t o the 
d ra in , i t may occur t h a t o ther bas ic components are p r e sen t . In 
t h a t case normal c a l c u l a t i o n s w i l l g ive wrong r e s u l t s , because 
t h e b i c a r b o n a t e c o n t e n t s i s much t o h i gh . I t i s however 
p o s s i b l e t o r e c o g n i s e t h e wrong r e s u l t s . From chemica l 
e q u i l i b r i a the fo l lowing r e l a t i o n i s obta ined. 

pH = 10.38 + log[C03(2-)] / [HC03(-) ] 
[ ] = concen t ra t ion in meq/1 

Th is r e l a t i o n i s a l s o p r e s e n t e d in f i g u r e 3. I f a 
m i s t ake in t h e pH of 0.1 u n i t or a m i s t ake in [C03 (2 - ) ] / 
[HC03(-)] of about 20 % i s a c c e p t a b l e , a r e g i on in f i g u r e 3 i s 
obta ined in which good r e s u l t s have to f i t . If the r e s u l t s of 
t h e a n a l y s i s g i v e a p o i n t below t h e r e g i on o t h e r b a s e s can be 
p r e sen t . F i r s t the a n a l y s i s must be checked and i f the r e s u l t s 
a r e t h e same t he f o l l o w i n g c a l c u l a t i o n s must be u sed . In t h i s 
c a l c u l a t i o n i t i s assumed t h a t t h e amount t i t r a t e d between pH 
8.3 and 4.1 i s a measure for the inorganic carbon content and 
t h a t a l l the o ther bases are t i t r a t e d above pH 8 . 3 . 

10 



[C03] = 20 x n x (b-a) x f(C03) meq/1 

[HC03]= 20 x n x (b-a) x f(HC03) meq/1 

amount of other bases = 20 * n * a - [C03]/2 meq/1 

n = normality of HCl 

a = amount of HCl used to reach pH 8.3 

b = amount of HCl used to reach pH 4.1 

f(C03)= fraction of C03 present at the pH of the sample.(see 
table 3) 

f(HC03)= fraction of HC03 present at the pH of the sample.(see 
table 3) 

If more or less than a sample volume of 50 ml is used, multiply 
with; 50/volume of sample (ml) 

Table 3.Fractions of C03 and HC03 as a function of pH. The 
concentrations are in meq/1. This table can be used if 
other bases are present in the sample. 

pH f ( C 0 3 ) f (HC03) 

8 . 3 0 . 000 1 .000 
8 .4 0 . 0 2 1 0 . 9 79 
8 . 5 0 . 0 26 0 . 974 
8 . 6 0 . 0 32 0 . 9 6 8 
8 . 7 0 . 0 40 0 . 9 60 
8 . 8 0 . 050 0 . 9 50 
8 . 9 0 . 0 62 0 . 9 3 8 
9 . 0 0 . 0 77 0 . 9 2 3 
9 . 1 0 . 0 9 5 0 . 9 0 5 
9 . 2 0 . 117 0 . 8 8 3 
9 . 3 0 . 1 4 3 0 . 857 
9 . 4 0 . 1 7 3 0 . 826 
9 . 5 0 . 2 09 0 . 7 9 1 
9 . 6 0 . 2 4 9 0 . 7 5 1 
9 . 7 0 . 2 9 5 0 . 7 0 5 
9 . 8 0 . 3 4 5 0 . 6 5 5 
9 . 9 0 . 3 98 0 . 6 0 2 
1 0 . 0 0 . 4 5 5 0 . 5 4 5 

11 



10.0 

figure 3. Relation between log [C03(2-)]/[HC03(-)] and 
the pH. Points between the dotted lines are 
accepted. 

12 



4 . T H E O R E T I C A L B A C K G R O U N D 
O F 

S O M E M E T H O D S . 

4 . 1 CONDUCTIVITY. 

Conduct iv i ty i s the numerical express ion of the a b i l i t y of 
an aqueos s o l u t i o n t o c a r r y an e l e c t r i c c u r r e n t . This a b i l i t y 
depends on t h e p r e s en c e of i o n s , t h e i r t o t a l c o n c e n t r a t i o n s , 
m o b i l i t y , v a l e n c y and r e l a t i v e c o n c e n t r a t i o n s , and on t h e 
t e m p e r a t u r e of t h e s o l u t i o n s . The c o n d u c t i v i t y can be 
expressed with the equat ion; 

K(t)= c ( i ) . a ( i ) 

K(t) = conductivity. 

c(i)= specific conductivity of ion (see table 4.) 

a(i)= activity of ion 'c'. 

Table 4.Specific conductivity of ions commonly found in 
water. Conductivity expressed in uS/cm = umhos/cm 
(Standard Methods 1980). 

ION SPECIFIC CONDUCTIVITY 
(per meq/L) 

48.9 
72.0 
52.0 
46.6 
75.9 
73.9 
43.6 
84.6 

Na 
K 
Ca 
Mg 
Cl 
S04 

( + ) 
( + ) 
(2+) 
(2+) 
( - ) 
( 2 - ) 

HC03(- ) 
C03 ( 2 - ) 

13 



4.2. ATOMIC ABSORPTION. 

4.2.1. T h e o r y 

Atomic absorption is an analytical technique in which 
compounds in a sample are dissociated into atoms in gaseous 
form. The atoms are in the ground state which means that they 
are able to go to an excitated state by absorption of light. 

M + hv MH 

M=metal in ground state 

hv=light with energy hv 

M*=metal in excitated state 

If light with an energy of hv is passing the gaseous 
atoms, there will be absorbtion of light. The fraction of 
light absorbed is a measure for the concentration of the metal 
in the sample. 

atoms in excitated 
state 

hv 

•> atoms in ground 
•> state 

light with 
energy hv 
Intensity (Io) 

•> Transmitted 
•> radiation 

Intensity (It) 

TheTransmittance It / Io can be represented by Beer's Law. 

It - a b c 
= e 

Io 

a= absorption coefficient (different for every 
b= length of absorption path 
c= concentration of absorbing atoms. 

element) 

14 



The absorbtion A is defined as: - log(It/Io) 

So A = 1/2.3*a b c 

With a c o n s t a n t p a t h l e n g t h and f u r t h e r a l l i n s t r u m e n t 
condi t ions cons tan t . 

A = cons tant * c 

4 . 2 . 2 . T h e i n s t r u m e n t . 

The b a s i c components of an a tomic a b s o r p t i o n s p e c t r o ­
photometer are given in f ig 4. 

| source of| | a tomis ing | | monochro-| | de tec | | r e g i - | 
j r ad ia t ion j> j system j>| mator |>j t o r j > j s t r a - j 
I I I I I I I I I t i o n | 
I I I I I I I I I I 

f i g . 4 Diagram of an atomic absorpt ion 
spectrophotometer . 

SOURCE OF RADIATION: 

E v e r y e l e m e n t h a s a s p e c i f i c w a v e l e n g t h a n d s p e c i f i c 
h o l l o w c a t h o d e lamp . The l amp i s made of t h e m a t e r i a l , we want 
t o m e a s u r e . I n t h e l amp t h e f o l l o w i n g r e a c t i o n o c c u r s : 

M* = M + hv 

D i f f e r e n t h o l l o w 
d i f f e r e n t e l e m e n t s . 

c a t h o d e l a m p s h a v e t o b e u s e d f o r 

ATOMISING SYSTEM. 

With flame atomic absorp t ion , the sample i s a s p i r a t ed in a 
f lame. By the high temperature the water evapora tes and the 
molecules are d i s soc i a t ed i n t o atoms, which a re ab le t o absorb 
l i g h t . The sample i s a s p i r a t ed i n t o the flame with the a id of 
a n ebu l i s e r . In t h i s p a r t the sample i s sucked and mixed with 
the flame gases . After t h a t i t l e aves the burner head through 
a l ong (10 cm) narrow s l i t , and a l l t h e s a l t s a r e a tomised by 
t h e h igh t empe r a t u r e in t h e f l ame . The t empe r a t u r e in t h e 
a c e t y l e n e / a i r flame i s between 2350 and 2450 'C. 

15 



For a stable reading and a good sensitivity the following 
flame factors are important. 

) or - Composition of the flame, oxidizing (excess of air 
reducing (excess of acetylene). 

- The density of atoms is not constant in the flame. So optimum 
height has to be searched. This height is also influenced by 
the composition . 

- If high saline water is aspirated the burner head can be 
clocked with salts, thereby reducing the sensitivity or 
enhancing the noise. 

Sometimes other flame types are used, for instance 
acetylene-nitrous oxide. This flame has a higher temperature, 
thereby reducing chemical interferences. Most compounds 
however can be measured with an acetylene-air flame. If a higher 
sensitivity is needed a graphite furnace can be used as an 
atomising source. This furnace is often used for measurements 
of low concentrations of heavy metals. 

MONOCHROMATOR. 

The monochromator is used for selecting the line to be 
measured with acid of one or more gratings. This has to be done 
very accurate. After a first course adjustment the optimum has 
to be searched. This is the point where maximum light reached 
the detector (i.e. maximum trans-mittance or minimum 
absorbance). On the monochromator also the slit has to be 
selected. For every element and wavelength the optimum is 
recommended by the manufacturer of the instrument. The value 
depends on how many lines a lamp gives. For instance calcium 
gives a line at 422.67 nm (fig.5) in this neighbourhood no other 
lines exist, and a high slit width can be used. Iron however has 
in the neighbourhood of the line at 248.33 nm also other lines 
(fig.5). By selecting a small slit these other lines cannot 
reach the detector and better results are obtained. Therefore 
the recommended slit values achive improve the results. 
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fig.5 A emission spectrum 
great slit width 
possible 

B small slit width to 
exclude the non ab­
sorbing line. 

DETECTOR. 

The d e t e c t o r i s a p ho t ome t r i c t u b e . R ad i a t i o n from t h e 
monoch roma to r w i l l f r e e e l e c t r o n s on t h e p h o t o c a t h o d e . By 
c o m b i n a t i o n of s e v e r a l e l e c t r o d e s t h e amount of e l e c t r o n s i s 
m u l t i p l i e d w i t h f a c t o r of 10*6 . The r e s u l t i n g e l e c t r i c a l 
c u r r e n t i s p r o p o r t i o n a l t o t h e amount of r a d i a t i o n . The l i n e a r 
r a n g e of t h e d e t e c t o r i s v e r y h i g h and c an be r e g u l a t e d by 
v a r i a t i o n o f t h e t o t a l p o t e n t i a l d i f f e r e n c e b e t w e e n t h e 
pho toca thode and t h e l a s t e l e c t r o d e (anode) . 

REGISTRATION. 

The s i g n a l from t h e d e t e c t o r i s t r a n s l a t e d i n t o t r a n s ­
m i s s i on , absorbance or c o n c e n t r a t i o n u n i t s . I t i s p o s s i b l e t o 
c a l i b r a t e t h e i n s t r u m e n t w i t h s t a n d a r d s o l u t i o n s , b y which 
r e s u l t s d i r e c t l y i n c o n c e n t r a t i o n u n i t s a r e o b t a i n e d . 
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4.2.3. Description of the atomic 
absorption spectrophotometer 

The atomic absorption spectrophotometer (A.A.S.) of the 
D.R.I, is a double beam type. This means that the light is 
splitted into two beams. One is passing the flame and the other 
one is used as a reference beam (see fig.6). With the chopper 
the light is modulated with a certain frequency. When the sample 
beam is interrupted, the reference beam reaches the detector and 
opposite. The detector is able to distinguish both beams and 
they can be brought together again after the flame. In the 
monochromator the right wavelength is selected with aid of a 
grating. After that the light is detected on the 
photomultiplicator. 

Fig.6 Optics of AAS 

THE LAMP 

The lamp has to be placed in the lamp holder. The black 
knobs have to be between the mica spacers of the lamp. 
Alignment of the lamp can be done with the two black knobs. With 
[lamp] control on the front of the instrument, the lamp J-
can be adjusted. With the [SIGNAL] switch on [LAMP] 
can be read on the meter. The current has to be 
current printed on the lamp. 

current 
the current 

the continuous 
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THE GAS SUPPLY. 

The gases are supplied with the interlocked gas control 
system. This system has to give constant gas flow and constant 
pressure. Good measurements can be done however when the 
pressures of the gases are constant before the system. For 
acetylene this is right, because this is delivered in a gas 
bottle. When the pressure is corrected after ignition, it will 
be constant. The air is delivered by a compressor. The pressure 
of the system varies between 4 and 6 atm. (60 and 80 psi). To 
have a constant pressure a low pressure reducer is installed 
between the compressor and the A.A.S. The reducer is set on 3 
atm. To prevent dust entry the A.A.S. a dust filter is used. 
In fig. 7 it is shown how the dust filter must be used. 

Out 

Cotton for 
filtering of dust 

fig 7. Gasflow in the dust filter. 

The cotton has to be periodicaly replaced. 

THE NEBULIZER SYSTEM. 

The nebulizer has to make a spray of the sample and mix it 
thoroughly with the gases. For a good and reproducable 
sensitivity the nebulizer has to be adjusted very well. This 
can be done by aspirating a copper solution of 10 ppm after 
preparing the instrument for measurement of copper.Then aspirate 
the solutions, loosen the locking ring and slowly turn the 
knurled nebulizer knob counterclockwise (fig.8). Stopturning 
when the nebulizer air blows back into the solution (small 
bubbles will appear at the end of the capillary tubing). Keep 
the end of the capillary in the standard and slowly turn the 
knurled knob clockwise. Watch the display while turning the 
knob ('SIGNAL'control on cont.). The reading will increase as 
aspiration begins. Adjust at maximum reading. At the end turn 
the locking ring against the knob to lock the setting. 
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Fig.8 The nebulizer , exploded view. 

THE FLAME. 

The flame has to be exactly in the light beam. For this 
reason the horizontal adjustment (left knob) has to be on 8. The 
vertical adjustment must be on 7 or less. Higher settings of 
the vertical adjustment will cause a blockade of the light beam 
by the burner head. With a small piece of paper it can be 
controlled if the light is passing the slit in the burner head. 
A good flame is obtained with the air flow on 55 and the fuel on 
32. For getting a higher sensitivity small adjustments may be 
necessary. 

MONOCHROMATOR. 

The wavelength can be adjusted with the [COARSE] adjust 
and the [FINE] adjust. With the [FINE] adjust the maximum on 
the [lamp/energy] meter has to be searched. i.e. Maximum light 
has to reach the detector. With the slit width the spectral 
bandpath can be set. With a wavelength of 400 nm, a slit 
width of 2 nm means that light from 398 to 402 reaches the 
detector. A slit width of 0.2 nm means that light from 399.8 
to 400.2 nm reaches the detector. The slit width is important 
when the lamp also gives lines with light that cannot be 
absorbed. 

DETECTOR. 

The detector is a photomultiplier. The signal from the 
photomultiplier can be changed by the potential. If [SIGNAL] is 
on [SET UP] the potential can be changed with [GAIN] to have a 
reading on the [lamp /energy] meter. When the [SIGNAL] control 
is on the [ABS] or [CONC] position, this manual control is 
overriden by the automatic gain control. 
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REGISTRATION. 

The i n s t r u m e n t i s c a p a b l e t o g i v e t h e r e a d i n g i n 
a b s o r b anc e - , c o n c e n t r a t i o n - and emiss ion u n i t s . I t can do t h e 
r e ad i ng on d i f f e r e n t ways (mode). 

CONT. 

The r e a d i n g i s i m m e d i a t l y c h a n g i n g when t h e f l a m e 
p r o p e r t i e s changes . I f t h e f lame i s c o n s t a n t t h e l a s t d i g i t i s 
changing because of t h e n o i s e of t h e i n s t r umen t . 

HOLD. 

If the [READ] knob is pressed, the instrument is taken the 
average value during 0.5 sec. This value can be set on values 
from 0.5 to 20 sec. with the numerical keyboard. The average 
value is more accurate than the continuous value because it 
eliminates a great part of the noise. 

PEAK HEIGHT(HT) AND PEAK AREA. 

The» pnak height and nron have to be used with a graphite 
furnace. Because this is not on the instrument, it is not to 
be used. With aid of the keyboard, orders can be given to the 
instrument. 

AZ. 

I s t h e a u t o z e r o . When a s p i r a t i n g a b l a n k . The i n s t r umen t 
w i l l g i v e a z e r o v a l u e a s soon a s t h e [AZ] i s p r e s s e d . The 
i n s t r u m e n t d o e s i t by c h a n g i n g t h e p o t e n t i a l o v e r t h e 
p h o t o m u l t i p l i e r . The [AZ] w i l l no t f u n c t i o n . 

(1) if the [SIGNAL] switch is on [SET UP] or [LAMP]. 

(2) if a keyEntry is pending (the minus [-] will be flashing on 
the display) 
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[ T ] 

I n t e g r a t i o n t ime key. Un less i n s t r u c t e d o t h e rw i s e t he 
i n s t r umen t u ses a 0.5 s e c . i n t e g r a t i o n t ime . To change the 
i n t e g r a t i o n t ime , e n t e r t h e t ime i n t e r v a l d e s i r e d , from 0.5 t o 
20 sec. using the numerical keyboard. Then depress the [T] key. 
The i n t e r v a l s e l e c t ed w i l l be s to red in the instrument and used 
fo r each measurement u n t i l a d i f f e r e n t i n t e r v a l i s e n t e r e d or 
the instrument i s shut off. For normal a n a l y s i s an i n t eg r a t i on 
t ime of 3 s e c w i l l g i v e a c c u r a t e r e s u l t s . When low 
c o n c e n t r a t i o n s have t o be measured and t he absorbance i s near 
zero an i n t eg r a t i on time of 10 or 20 sec. can be n e ce s s a r i l y . 

SI AND S2. 

(Standard no 1 and standard no 2) keys. The keys are used 
to calibrate the instrument to display measurements results 
directly in terms of concentration. With the mode switch on 
[HOLD], the first standard is measured. After the measurement 
is complete the concentration value is entered and [SI] is 
pressed to set the measurement results equal to the desired 
concentration. [S2] is established on the same manner. The 
value for S2 can be changed without disturbing the value set for 
SI, but if Si is recalibrated, S2 must be recalibrated also. 

The following conditions will prevent proper functioning of 
the [SI] and [S2] keys. 

- If the [SIGNAL] switch is set on [ABS]. 
- The error character [E] will appear and the [-] will continue 

to flash at the end of the measurement because; 

a) The result is less than the zero set with the blank. 

b) The expansion factor required to calibrate is greater than 
50 x. 

For instance with ignoring the decimal point, an absorbance 
of 0.010 cannot be displayed as 600 but has to be 60. The 
instrument automaticly drops as many digits to the right of the 
decimal point are necessary to bring the expansion within limits 
(A value of 10.00 will become 10.0 ) 

c) If the value entered for S2 is bigger than possible on the 
display > 9999. 

d) If the value of S2 is lower than the value of Si. 

The instrument also has a recorder output. This output 
signal is controlled by the [RECORDER] control switch. 
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[ABS] The signal send to the recorder is in absorbance unit. 

[DUPL] Now the output is controlled by the [MODE] control. When 
scale expansion is used, it is also on the recorder 
signal. When the [MODE CONTROL] is on, hold the 
recorder pen will remain at rest until the completion of 
a read cycle. With [MODE] on hold a continuous signal 
is recorded. 

[TCI], [TC2] and [TC3] 
Time constant setting, in these settings a continuous 
signal is send to the recorder with different damping 
values. [TCI] is a low damping (time constant 0.4 
sec.) [TC2] and [TC3] gives more damping of the 
signal with time constants of respectively 1 and 3 sec. 

4.2.4. M e a s u r e m e n t s , 

CALCIUM. 

With c a l c i um some chemica l i n t e r f e r e n c e may o ccu r , Calcium 
r e a c t s w i t h p h o s p h a t e and g i v e s Ca3 (P04 )2 , wh ich compound i s 
o n l y p a r t l y d i s s o c i a t e d in t h e f l ame . So i f t h e r e i s phospha te 
i n t h e s a m p l e , t h e r e s u l t s w i l l be l o w e r . T h i s c a n be 
c o r r e c t e d , by a d d i n g an e x c e s s of 1 a n t h a n i u m c h l o r i d e t o t h e 
s a m p l e . L an t h an i um r e a c t s w i t h t h e p h o s p h a t e i n s t e a d of t h e 
c a l c i u m , by which a l l t h e c a l c i u m i s a b l e t o a t o m i s e i n t h e 
f l ame . L an than iumch lo r i de s o l u t i o n : d i s s o l v e 115 g LaC13 in 1 
l i t e r 1 m o l / 1 HCl. SrC12 can a l s o be u s e d (180 g i n s t e a d of 
115 g l a n t h a n i u m c h l o r i d e ) . The m e a s u r i n g s o l u t i o n s h a v e t o 
c o n t a i n 5 ml L aC13 - so l u t i on in 100 ml . 

Magnesium 

A l s o f o r magnesium LaC13 ha s t o be add t o t h e s o l u t i o n . 
The wave l eng t h 285.2 nm off magnesium i s v e ry s e n s i t i v e . The 
s e n s i t i v i t y can be r e d u c e d a l i t t l e by t u r n i n g t h e b u r n e r . I t i s 
a l s o p o s s i b l e t o t a ke a l e s s s e n s i t i v e l i n e , for i n s t a n c e 202.5 
nm. 

Sodium and P o t a s s ium 

The f l a m e p h o t o m e t e r g i v e s good r e s u l t s , s o a t o m i c 
a b s o r b t i o n i s not n e s e s s a r y fo r sodium and po t a s s i um. However 
i t i s good t o know t h e a t o m i c a b s o r p t i o n me thod , f o r c h e c k i n g 
t h e f l a m e p h o t o m e t e r o r i n c a s e of f a i l u r e o f t h e f l a m e 
pho tome t e r . 
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With atomic absorption the temperature of the flame is very 
high. This high temperature causes ionisation because of the 
low ionisation energy of sodium and potassium. 

Na = Na+ + e 
K = K+ + e. 

The ions cannot absorb light. The two equilibria also 
influence each other. A high amount of sodium will drive the 
equilibrium of potassium to left, because of the high amounts of 
electrons from sodium. This change of equilibrium will give a 
higher absorption of light. It is possible to drive both 
equilibria to the left. Then all sodium and potassium atoms can 
absorb light. This can be done by adding an excess of cesium. 
Cesium ionise very easy and gives a high amount of electrons in 
the flame. 

Cs = Cs+ + e. 

With this high amount of electrons sodium and potassium are 
present as atoms. 

HEAVY METALS. 

For the heavy metals the samples and standards have to be 
acidefied. Sometimes back ground correction is necessary. Back 
ground absorption occurs with very saline or dirty water. The 
high amount of molecules will not dissociate completely in the 
flame. The molecules also absorb light which is called non 
atomic absorption. It is possible to correct for the non atomic 
absorption with aid of a hydrogen lamp. The hydrogen lamp gives 
a continuous spectrum instead of the line spectrum of a hollow 
cathode lamp. The principle of correction is given in fig 9. 

100 % 
Hollow cathode lamp Hydrogen lamp 

Light 
emitted 

100% non atomic lOVc 

atomic 20% 

Silt width Silt width 

Light 
absorbed 

Fig 9. Signals measured with hollow cathode lamp 
and hydrogen lamp. 

24 


