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INTROOUCTION
<•>

Over the past decade many analytlcal procedures have been developed and adapted wlthln

the laboratorles of the Hydrologlcal Research Institute, but have not been formally

documented. The prlmary purpose of thls volume 1s to provlde detalled descrlptlons of

all the automated and manual 1norgan1c analytlcal procedures äs well äs the blologlcal

and bacterlologlcal methods routlnely used 1n the Instltute's laboratorles. In addltlon

test procedures used for the class1f1cat1on of d1spers1v1ty of solls are also Included.

These methods were taken from many sources, some have been modlHed and others developed

in the Institute's laboratorles.

A second objective of thls report 1s to serve äs a reference document for the analytlcal

procedures employed In the Department of Water Affairs' water quallty monltorlng

programmes. To thls end each determlnand/method comblnatlon has been asslgned a 7 d1g1t

determlnand code. These codes will, amongst other thlngs, also serve äs Unks between

the methods descrlbed 1n this manual and the data archlved on the National Water Quallty

Database. Th1s method manual will consequently be updated from tlme to tlme äs

procedures of analyses employed are elther changed or addltlonal determlnands are

Included 1n monltorlng programmes.

The report 1s divlded Into three sectlons. A brlef dlscusslon on the contents of each

sectlon 1s presented 1n the followlng paragraphs.

Sectlon l contalns descrlptlons of the contlnuous flow procedures used for the

analysls of the major Inorganlc Ions and nutrlents. In addltlon some manual

methods are also glven. A high premlum 1s placed on the quallty of the data

produced by the automated laboratorles. In keeplng wlth thls pollcy these

partlcular laboratorles partldpate annually 1n a number of Inter-laboratory

quallty control exerclses and äs a result the methods descrlbed 1n thls sectlon

have been evaluated extenslvely and thelr accuracles sufflclently establlshed.

Sectlon 2 provldes descrlptlons of a ränge of blologlcal and bacterlologlcal

analytlcal methods, ranging from relatlvely simple spectrophotometric

procedures to more sophlstlcated H1gh Performance Liquid Chromatographie

technlques for the analysls of chlorophyllous plgments. Brief dlscusslons on

sampUng and sampUng technlques are also Included 1n the sectlon.

In sectlon 3 procedures developed at the Institute for the classlf1cat1on of

dlsperslve solls are descrlbed. Many chemlcal and physlcal factors Influence

the stablUty of earth structures such äs embankment dams. One of the soll

propertles that Influence the erod1b1!1ty and suscept1bH1ty to plplng of

embankment dams 1s soll dlspersivlty. The classlf1cat1on of soll d1spers1v1ty

1s Important not only 1n the determlnatlon of the su1tab1!1ty of solls for the

constructlon of embankment dams but also 1n the assessment of the rlsk of total

fallure of exlstlng dams.
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SECTION 1: INORGANIC ANALYTICAL HETHOOS

1.1 ALKALINITY - TOTAL

1.1.1 Introductlon

The alkallnlty of water 1s deflned äs the capacity that some substances have to

take up protons, 1n other words, to react with an äquivalent quantlty of a

strong acld. Examples of such substances are hydroxlde Ions and anlons of weak

acids, e.g. blcarbonate, carbonate, phosphate and slUcate. The equlvalent

quantlty of strong acld requlred to neutrallze these Ions 1s equal to the total

alkallnlty.

The alkallnlty of surface water with a pH of less than 8,3 can generally be

attrlbuted to the blcarbonates of calclum and magneslum. Water with a pH

greater than 8,3 contalns blcarbonate, carbonate and hydroxlde Ions. The

alkallnlty fractlon whlch 1s equlvalent to the quantlty of acld requlred to

lower the pH to 8,3 1s the phenolphthaleln alkallnlty.

Phenolphthaleln alkallnlty and total alkallnlty can therefore be determlned by

tltratlng to an endpolnt pH of 8,3 and 4,5 respectlvely. The endpolnt pH for

total alkallnlty must be between 4 and 5 and 1t 1s dependent on the alkallnlty

and the free carbon dloxlde concentratlon. An endpolnt pH of 4,5 glves

suffldently accurate results.

Two methods are descrlbed here, the automated bromocresol green (pH 4,2) method

whlch 1s appUcable 1n the 4 to 400 mg CaC03/i concentratlon ränge and a

t1tr1metr1c method whlch 1s sultable for all alkallnlty concentratlon ranges.

The latter method 1s generally used for samples contalnlng colour and/or

alkallnlty concentrations higher than 400 mg/i äs calclum carbonate (CaCO„).

1.1.2 Total Alkallnlty, Automated, Bromocresol Green - 0100601
^

Optimum concentratlon ränge: 4 to 400 mg/1 äs calclum carbonate.

Application of method

The method 1s appUcable to surface, ground and drlnklng water.

PMnclple of automated method

Bromocresol green 1s used 1n the method äs the acld-base 1nd1cator because the

pH ränge (3,6 to 5,2) corresponds with the equlvalence point of total

alkallnlty and 1t has a deflnlte colour change (yellow to blue) whlch can be

measured colorlmetrlcally. The bromocresol green 1s dlssolved 1n a buffer

(pH 4,2) where the buffer capacity 1s so chosen that the additlon of alkallnlty

causes a small change in the pH and thls results 1n a change In the colour of

the acld-base indlcator.
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Sample preservatlon

Preserve the samples with 10 mg/l mercury(II) Chloride. Sample bottles must

be filled completely and must not be opened before analysls.

Interferences

Colour and turbldlty interfere in this method. The flow System includes a blank
channel which to some degree compensates for colour and turbidity. However,
high turbidity must be removed by means of filtration through a 0,45 pm

membrane filter. Coloured samples should preferably be analysed using the
titrimetric method.

Reagents

(i) Sodium hydroxide solution. Dissolve 6,6 g sodium hydroxlde (NaOH) in
deionized water and dilute to 500 ml. Store the solution in a
polyethylene Container.

(ii) Bromocresol green stock solution. Add 14,5 ml NaOH solution to 500 ml
deionized water. Dissolve 3 g bromocresol green in this solution, stir

for one hour and filter immediately. Dilute to l S.. Store the solution
in a dark glass Container at 4°C. It remains stable for 5 days.

(iii) Buffer/Bromocresol green solution. Successively dissolve 4 g calcium
Chloride dihydrate (CaCl2.2H20) and 20 g potassium hydrogen phthalate
(CgH^O-K) in 1 1 deionized water. Add 100 ml bromocresol green

stock solution and l ml Brij-35 wetting agent. Adjust the pH to 4,0

with a 1 mol/l HC1 solution. Dllute to 2 l. This solution is stable
for two days.

(iv) Blank reagent. Successively dissolve 4 g CaCl2.2H20 and 20 g
CgH504K in l l
and dilute to 2 l.

CgH5O.K in l l deionized water. Add l ml Brij-35 wetting agent

(v) Stock bicarbonate solution. Dissolve 6,731 g (dependent on purity of the

reagent used) sodium bicarbonate (NaHCOg) (dried for l h at 60°C) in
deionized water and dllute quantitatlvely to l l. The solution contains

4 mg CaC03/ml).

(vi) Standard bicarbonate Solutions. Prepare the following series of Standard
Solutions in l l Volumetrie flasks.
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Volume stock solution (mi) mg/i

10,0
30,0
50,0
80,0

100,0

40
120
200
320
400

Flow System

A schematic diagram of the flow System is shown 1n Figure 1.1

i
WASTE

jr^^_AAAAAMA—
X 1 20 TURNS

COLORtMETER (BLANK CH/
15mm x l , 5mm B FLOW CEL

k 600nm FILTER
WASTE

/ | 20 TURNS

COLORIMETER
(ANALYTICAL CHANNEU
15mm xl , 5mm B FLOW CEL
eOOnm FILTER

cm^mln
00,80 BLANK REAGENT

E f~\ 0,32 AIR
\J

00,80 SAMPLE PTH 1 (N — _

W%T

NNEL) ^S°y

SAMPLER
40/h
2:1

AIO /~\ 0,80 SAMPLE

1 ^| r ^ 0,32 AIR
L {- '"

OO.SO BUFFER/BROMOCRESOL OREEN SOLUTION

L 10 SAMPLER f~\ 3,40 H20
\J

WASTE ^^ 0,80

\J
. WASTE r>, o.eo

\J

Figure 1.1: Schematic flow diagram for total alkaHnlty (bromocresol green).

1.1.3 Total Alkal1n1ty, T1tr1metr1c, Mixed Indlcator - 0100602

Optimum concentratlon ränge: Concentratlons greater than 400 mg/l äs caldum

carbonate.

Application of method

Th1s method 1s appUcable to coloured samples and/or concentratlon ranges above

400 mg/1 (äs CaC03).

T1tr1metr1c determlnatlon of alkallnity

The alkallnity 1s determlned by means of the titration of the sample with a

Standard solution of a strong acid. A descrlption of both the acid-base

Indicator (Vogel, 1978) and the potentiometric method is given.

~
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The vlsual method, whlch makes use of an add-base indicator 1s satlsfactory

for routlne appllcatlons. In cases where greater accuracy 1s required, the

potentlometrlc method 1s more sultable. The latter method must also be used

where there 1s colour, turbldlty or suspended material In the samples.

Indicator method

Reagents

(1) Sodlum carbonate solutlon (0,05 mol/l). Olssolve 5,3 g anhydrous sodlum
carbonate (Na.CO.) (drled for l h at 250°C) 1n delonlzed water and
dllute quantltatlvely to l S..

(11) Hydrochlorlc add solutlon (0,1 mol/1). Ollute 10 ml hydrochlorlc
acld (HC1) to 1 l wlth delonlzed water. Standardlze the HC1 solutlon
agalnst the 0,05 mol/l carbonate solutlon by using the mlxed Indicator.

^
(111) Phenolphthaleln Indicator. Olssolve 0,5 g phenolphthaleln In 50 mü.

ethanol and add 50 ml delonlzed water.

(1v) Mlxed Indicator solutlon. Dissolve l g methyl orange and 2,5 g Indigo

carmlne in delonlzed water and dilute to l l.

Procedure

Over a whlte surface, add 2 to 3 drops phenolphthaleln Indicator to 25 ml of

sample 1n a conical flask. If the sample remalns colourless the
phenolphthaleln alkallnity 1s nil. If the sample turns plnk the alkallnlty can

be determlned by titratlng wlth the Standard add untll the plnk colour
dlsappears.

Add a few drops of the mlxed Indicator to the same solutlon. If the sample
changes to the colour purple, then the total alkalinlty 1s nil. If the sample

changes to green, then the total alkallnlty 1s determlned by titratlng wlth the

Standard add untll the colour changes notlceably to grey/grey-purple.

Potentlometrlc method

Apparatus

(1) pH meter equipped wlth a comblned pH electrode.

(11) Magnetlc stlrrer.

Reagents

Hydrochlorlc add solutlon (0,1 mol/1). As descrlbed above.
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Procedure

Transfer 100 ml of sample to a beaker and place 1t on the magnetic stirrer.

Place the electrode and the point of the burette in the sample. Titrate the

solution with the Standard acid solution to a pH of 8,3. Note the volume whlch

corresponds with the phenolphthaleln alkalinity. Continue titratlng to a pH of

4,5. The total volume of acid solution glves the total alkaHnlty.

Calculatlons

Phenolphthalein alkalinity = 5 x A x M x IQ4 mg/l

Total alkalinity = 5 x B x M x IQ4 mg/l CaC03
V

Where
A = ml Standard acid solution required for the phenolphthaleln endpoint

of pH 8,3.
B = ml Standard acid solution required for the mixed acid Indicator

endpoint of pH 4,5.

M = the concentration acid in mol/l.

V = ml sample.

•~
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1.2 BORON - DISSOLVEO, AUTOMATED, AZOMETHINE - 0005101

^

Optimum concentration ränge: 0,05 to 2,0 mg/l boron.

Application of method

This method 1s appUcable to surface, ground and drlnklng water.

Prlndple of method

The method 1s based on the formatlon of a coloured complex between boron and

azometh1ne-H at a pH of 6,6 (Basson, Böhmer and Stanton, 1969). EDTA 1s added

to the samples before the addltion of the azomethlne-H solutlon to prevent

Interf erences front zlnc, copper, 1ron and aluminlum.

Reagents

(1) Azometh1ne-H solutlon. Dlssolve l g azometh1ne-H and 4 g ascorblc acld

(C6HgOg) 1n 200 ml delonlzed water. Filter the solutlon through a

0,45 vm membrane fllter and leave 1t to stand for at least an hour

before use. The solutlon must be freshly prepared dally. Store In a

polyethylene Container.

(11) Buffer solutlon. Dlssolve 120 g ammonlum acetate (HgCCOONH.) and 15 g

EDTA (C10H14N2Na2Og.2H20) 1n 800 ml delonlzed water. Dllute

to l l. Adjust the pH to 6,6 wlth a 2 mol/l sulphurlc acld

(H-SO.) solutlon. Store 1n a polyethylene Container.

(111) Preparatlon of azometh1ne-H. Dlssolve 18 g 8-amino-l-napthol-3,6

dlsulfonlc acld 1n l l delonlzed water. Filter if necessary. Adjust

the pH to 7,0 wlth a mol/l potasslum hydroxlde (KOH) solution. Add

concentrated hydrochlorlc add (HC1) untll the pH 1s 1,5. To thls

solutlon add 20 ml salicylaldehyde (C7H602) and shake vlgorously.

Allow to stand for 16 h and then fUter. Wash the azomethine-H 5 times

wlth ethanol and dry for 3 h at 100°C.

(1v) Boron stock solutlon. Dlssolve 0,2288 g borlc add (H-BO-) (drled for

l h at 105°C) in deionized water and dilute quantltatively to l l. The

solutlon contains 0,04 mg B/ml.

(v) Boron Standard Solutions. Prepare the followlng series of Standards in

l l Volumetrie flasks.
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Volume stock solution (ml) mg/i B

5,0
15,0
25,0
35,0
50,0

0,2
0,6
1,0
1,4
2,0

Store the Standard Solutions in polyethylene Containers.

Flow System and general observatlons

(i) A schematic diagram of the flow System is given in Figure 1.2.

(11) Samples are to be filtered through a prewashed 0,45 tun membrane fUter

(Whatman GF/C or equivalent).

Figure 1.2: Schematic flow diagram for Boron.

'
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1.3 CALCIUM - DISSOLVED, AUTOHATED, ATOMIC ABSORPTION - 0020101

Optimum concentratlon ränge: 8 to 200 mg/i caldum.

Application of method

Th1s method 1s appUcable to the analysls of surface, ground and waste waters.

Pr1nc1ple of method

Caldum 1s determlned by atomlc absorptlon spectrometry. Lanthanum 1s used to

prevent the Interference of phosphate whlle the addltlon of potasslum serves äs

an 1on1zat1on buffer.

Apparatus

Atomlc absorptlon spectrophotometer equipped wlth a high solids air-acetylene

burner.

Reagents

(1) Hydrochloric add solutlon. Add 10 ml concentrated hydrochloMc acld

(HC1) to 500 ml delonlzed water and dllute to 2 l.

(11) Potasslum/lanthanum solutlon. Dlssolve 5 g potasslum Chloride and 20 g

lanthanum Chloride 1n delonlzed water and dllute to 2 i.

(111) Standard Solutions. Suspend 4,995 g caldum carbonate (CaCO.,) (drled

for l h at 180°C In delonlzed water and dlssolve carefully wlth a minlmum

quantlty of concentrated hydrochloric add. Dllute quantl tatively to

l l wlth delonlzed water. l ml contalns 2,0 mg Ca *. Alternatlvely

a TitMsol calclum Standard (obtalnable from Merck Chemicals) may be used.

(1v) Standard Solutions. Prepare the followlng series of Standard Solutions In

l l Volumetrie flasks.

Volume of

Series 1

Series 2

stock solutlon (ml)

4,0
16,0
30,0
40,0
50,0

10,0
30,0
50,0
70,0
100,0

mg/l Ca

8
32
60
80
100

20
60
100
140
200
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The concentratlon ränge of the flrst series of Standard Solutions 1s

sultable for the analysls of surface water whllst the second series of

Standard Solutions 1s generally used for groundwater analyses.

Flow System and general observatlons

(1) Flow diagram for the flow System 1s represented In Figure 1.3.

(11) The Instrument Parameters are given In Table 1.1.

(111) Samples are to be fütered through a prewashed 0,45 ym membrane fUter
(Whatman GF/C or equlvalent).

3)5—WW-WW

ATOMIC ABSORPTION
SPECTROPHOTOMETER

r\
\J

INJECTION r /~\

r^\
tO SAMPLER /™\

crrf/min
0,60

0,32

2,50

1,40

1,20

SAMPLE

AIR

LflCI3 * KC1

HCI

H20

1

(o o £J

SAMPLER
40/h
2 : 1

Figure 1.3: Schematic flow diagram of flow System for caldum.

Table 1.1: Instrument Parameters for the atomlc
absorptlon analysis of caldum.

Wavelength
Inflammable gas
Oxldant
Flame
Current (mA)
Slit wldth (nm)

422,7 nm
Acety lene
A1r
Redudng
5
2.0

~

10
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1.4 CARBON

1.4.1 Dlssolved Organlc Carbon, Automated, UV oxldatlon - 0006101

Optimum concentratlon ränge: 0,5 to 40,0 mg/l carbon.

Application of method

Th1s method 1s appUcable to surface, ground and drlnklng waters.

Prlndple of method

The sample stream is segmented wlth CO» free a1r, acid1f1ed, heated and
sparged wlth nltrogen gas to remove the 1norgan1c carbon. After resampUng and

a1r segmentation, persulphate and mercury(II) nltrate Solutions are added and

the mlxed liquid stream 1s pumped through a quartz coll where 1t 1s exposed to
a low 1ntens1ty ultra vlolet Hght. Th1s process oxldlzes the dlssolved

organlc carbon to C0„ whlch by means of a gas permeable slHcon membrane 1s
dlssolved 1n a weakly buffered thymol blue 1nd1cator solutlon. The colour

change of the acld-base 1nd1cator 1s measured at 590 nm and 1s proportional to
the concentratlon of dlssolved organlc carbon 1n a water sample
(Gravelet-Blondln, van Vllet and Mynhardt, 1980).

Reagents

(1) Sulphurlc add solutlon (2,5 mol/l). Add 140ml concentrated

H2S04 to 600 ml delonlzed water and dllute to l l.

(11) Buffer solutlon (pH 9,6). Add 500ml boMc add (6,2 g/8. H.BÖ, 1n
J J

delonlzed water) to 370 ml sodlum hydroxlde solutlon (4 g/l NaOH). If

necessary adjust the pH to 9,6 wlth dlluted hydrochlorlc acid (HC1) or
sodlum hydroxlde (NaOH) Solutions.

(111) Thymol blue Indicator solutlon. Dlssolve l g thymol blue in 43 ml

0,05 mol/l NaOH solutlon and dllute 1t to l l wlth delonlzed water.

(1v) Stock wettlng agent. Dllute 30 ml Brij-35 to l l wlth delonlzed water.

(v) Wettlng agent. Add 5 ml of solutlon (1v) to 100 ml 0,5 mol/l

H2S04 (3 ml) dllute to 100 ml wlth delonlzed water.

(v1) Buffer/1nd1cator solutlon. M1x the followlng volumes of the above

mentloned Solutions and dllute to 500 ml wlth delonlzed water; 6 ml
solutlon (11), 10 ml solutlon (111), and 5 ml solutlon (v). Store the
solutlon 1n a polyethylene Container.

11
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(v11) Persulphate solutlon. Dlssolve 4 g potasslum persulphate (K0Sn00)
£ C O

and 5 g mercury(II) nltrate (Hg(N03)2) and dllute to 100 ml wlth

1 mol/l H2$04 solutlon. Thls solutlon must be made up 12 h before

use and 1t remalns stable for a further 12 h. Add 30 ml solutlon (111)

to 30 ml H2S04 (0,5 mol/l) and dllute to 300 ml wlth solutlon

(v111) Stock Standard solutlon. Dlssolve 2,1254 g potassium hydrogen phthalate

(C8H504K) (drled for l h at 105°C) 1n delonlzed water and dllute 1t
quantltatlvely to l l. Th1s solutlon contalns l mg/ml carbon.

(1x) Standard solutlons. Prepare the followlng serles of Standards 1n l l

Volumetrie flasks.

Volume stock

2
5

10
15
20

solutlon (ml)

,0
,0
,0
,0
,0

mg/l C

2
5

10
15
20

Preserve by addlng l ml of a 6 mg/l Hg(II) solutlon to each Standard.

Flow System and general observatlons

(1) A schematlc diagram of the flow System 1s shown 1n Flgure 1.4.

(11) The ultra vlolet llght source must be placed 1n a well ventllated area.

(111) Samples are f 11tered through a prewashed 0,45 ym rnembrane f Ute r

(Whatman GF/C or equlvalent).
^

NEEOLE TYPE
IWLET FOH N, o.QJO INNER

l O I 1 M E T E O
LT«W TUBE.

«l Q^^Wr-
\ «AT »ATH" '0 TURNS

r p\_ o,<; *ff

l f~*\ _1,60 SAMPLE

2,PO WASH WATEJ^

—l -—\ ^W-rrVvWAV—VW
COLOftlUI
lim m i 2nnn t
FLOW CELL
SfiOnn FILTEH

Uo
o^,OO RESAMPLE

0,«2 PQTAiSiüM PEBOXOOISULPMATC

0,2! BRW/ACIO

Flgure 1.4: Schematlc flow diagram for dissolved organlc carbon. ~
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1.4.2 Inorganlc carbon, Automated - 0006102
^

Optimum concentratlon ränge: 50 to 500 mg/8. HC03 which is approxlmately 10
to 100 mg/l carbon.

Application of method

This method 1s applicable to the analysls of fresh water samples.

Prlndple of method

The sample stream 1s segmented wlth CO- free a1r, addlfled and heated whlch
releases C0_ from dissolved organlc carbon. The released C0_ 1s Introduced
1nto a weakly buffered thymol blue 1nd1cator solutlon by means of a gas
permeable Silicon membrane. The colour change 1s then measured at 590 nm and
1s proportional to the Inorganlc carbon content of the water (Gravelet-Blondin,
van VUet and Schoones, 1980).

Reagents

(1) SulphuMc add solutlon. l l sulphuric add (0,05 mol/l) wetted wlth

l ml Br1j-35. (Solutlon A).

(11) Buffer solutlon (pH 9,6). Add 500 ml borlc add solutlon (6,2 g/l

H3B03 in water) to 370 ml of a sodlum hydroxlde solutlon (4,0 g/l

NaOH 1n water). If necessary adjust the pH to 9,6 wlth NaOH or

hydrochlorlc add (HC1). (Solutlon B).

(111) Thymol blue indicator. Dlssolve l g thymol blue 1n 43 ml of

0,05 mol/l NaOH and dilute to l l with water. Stir mixture for 30

min. and fUter 1f necessary. (Solutlon C).

(1v) DHute BMj-35 solutlon. Dllute 30 ml commerdal concentrate wlth l l

delonlzed water. (Solutlon D).

(v) Worklng buffered add-base Indicator. Add together the following and make

up to 100 ml with water; 5 ml solution B, plus 2 ml solutlon D.

(Solutlon E).

(vi) Stock Standard solution. Dlssolve 1,3768 g NaHCO, (dried for 1 h at
0

105°C) in deionized water and make up to l l with delonlzed water. This
gives a solutlon contalnlng l 000 mg/l HCO, (conc. 197 mg/l C).

0

Dilute äs necessary for Standards.

Both the wash water and add-base Indicator are kept in bottles equipped wlth
C02 traps.

13
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Flow System

The flow diagram 1s shown 1n Flgure 1.5.

WASTE

ml /min

0,42 PULL THROU6H

FROM FLOWCELL

0,32 AIR

Flgure 1.5: Schematlc flow diagram of flow System for 1norgan1c carbon.

~

~
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1.5 CHLORIDE - OISSOLVED, AUTOMATED, FERRIC THIOCYANATE - 0017101

Optimum concentratlon ränge: Two seMes of Standards are used for the

determlnatlon of Chloride. The Hrst seMes determlnes Chloride concentratlons

of 3 to 300 mg/l and the second seMes of Standards determlnes Chloride 1n

concentratlon ranges of 50 to 500 mg/l.

Application of method

Th1s method 1s appUcable to surface, ground and waste water.

Prlndple of method

This automated method for the analysls of Chloride 1n water 1s based on the

reactlon between mercury(II) thlocyanate and Chloride Ions to form low

solublUty mercury(II) Chloride. In the presence of 1ron(III) the Hberated

thlocyanate forms an Intensely coloured 1ron(III) thlocyanate complex whlch 1s

colorlmetrlcally measured at 480 nm.

Sample preservatlon

There are no spedflc preservatlon measures requlred for Chloride.

Reagents

(1) Iron(III) nltrate stock solutlon. Dlssolve 202 g 1ron(III) nltrate

(Fe(NO-).,) 1n 500 ml delonlzed water. Dllute the solutlon to l l
«3 0

wlth concentrated nltrlc add (HN03).

(11) Iron(III) nltrate worklng solutlon. Combine 100ml concentrated HN03
and 150 ml Fe(NO_)., stock solutlon and dllute to l l wlth

•J «3

delonlzed water.
^

(111) Mercury(II) thlocyanate stock solutlon. Add 4,17 g mercury(II)

thlocyanate (Hg(SCN)2) to 500 ml ethanol (C^OH, 95%). Dlssolve

the Hg(SCN)_ by heatlng the mlxture to 50°C. Leave to cool and dllute to

l l wlth ethanol.

(1v) Mercury(II) thlocyanate worklng solutlon. Add 500 ml ethanol to 150 ml

stock Hg(SCN)„ solutlon and dllute to l l wlth delonlzed water.

(v) Br1j dllutlon water. DHute 5 ml Brij-35 wettlng agent to l l wlth

delonlzed water.

(v1) Chloride stock solutlon. Dissolve 8,242 g sodium Chloride (NaCl) (drled

for l h at 105°C) In delonlzed water and dllute quantltatlvely to l l.

The solutlon contalns 5 mg/ml Cl.

15
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(v11) Chloride Standard solution. Prepare the followlng two serles of Standard

Solutions 1n volumetrlc flasks. The concentratlon ränge of the serles l

Standard Solutions are sultable for surface water, whllst the serles 2

Standard Solutions are generally used for ground and waste water analyses.

Volume of stock solution (ml) mg/l Cl

Serles 1

Serles 2

6.0
16,0
30.0
44.0
60,0

10,0
20.0
40,0
70,0
100,0

30
80
150
220
300

50
100
200
350
500

Flow System and general observatlons

(1) The flow system 1s shown schematlcally 1n Figure 1.6.

(11) Samples are to be flltered through a prewashed 0,45 ym membrane fUter

(Whatman GF/C or equlvalent).

SAMPLER

(SOLVAFLEX)

cm^mln
(~\ 0,60 HaO

0,32 MERCURY (W THIOCYANATE

Figure 1.6: Schematlc flow diagram for Chloride.

1 — W
1 INJECTION P ^\ 0,32 AIR

L

.S

COLORIME
15mm x 1,1
480nm Fl

FITTINO L \^l

A * A . »>.. ..A. fA 0,60 OILUTION WATER

20 TURNS 5 TURNS SAMPLE

TER X-N 0,60 IRON (HI) NITRATE

.TER

WASTE ^>| 1,40

^^^
SAMPLER
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1.6 ELECTRICAL CONDUCTIVITY - AUTOHATED - 0101601

Heasurement ränge: 0,1 to 20 000 mS/m.

Application of rcethod

AppUcable to all types of water samples.

Prlndple of method

The method makes use of a mlcro-flow conductlvlty cell, wlth two platlnum wlre

electrodes. The asplrated sample 1s flrst pumped through a jacketed capHlary

coll, through whlch water thermostated at 25°C 1s pumped. The sample, at a

temperature of 25°C, then passes through the mlcro-flow conductlvlty cell.

Th1s cell 1s also jacketed and kept at 25°C. Conductlvlty measurements are made

uslng a good quallty conductlvlty meter attached to the mlcro-flow conductlvlty

cell. The ränge selectlon for the approprlate conductlvlty value 1s done

automatlcally. Cal1brat1on 1s done uslng 0,01 mol/l potasslum Chloride (KC1)

(Verhoef and Engelbrecht, 1977).

In our laboratory conductlvlty 1s used äs a gulde 1n preparlng dllutlons prlor

to the analyses of caldum, magneslum, sodlum, sulphate and Chloride. These

dllutlons are made to ensure äs far äs posslble that the concentratlon of these

determlnands are w1th1n the callbratlon ränge of the respectlve automated

analytlcal methods. The relevant dllutlon factors are äs follows:

Conductlvlty (mS/m) DHutlon factor

less than 260 no dllutlon
from 260 to 459 5x
from 460 to 899 lOx
from 900 to 4999 40x
5 000 and greater lOOx

Reagents

Potasslum Chloride (KC1) solutlon. Dlssolve 1,49852 g KC1 1n 2 J. delonlzed

water. The conductlvlty of thls solutlon 1s 141,3 mS/m at 25°C.

Flow System

The flow System 1s shown schematlcally 1n Flgure 1.7.

17
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Flgure 1.7: Flow diagram of flow System for electrical conductivity.

18
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1.7 FLUORIDE

1.7.1 Fluoride, Olssolved, Automated, Ion Selective Electrode - 0009101

Optimum concentratlon ränge: 0,1 to 5,0 mg/8, fluoMde.

Application of method

Th1s method 1s appUcable to the determlnatlon of fluorlde In surface, ground

and drlnklng water.

Prlnclple of method

The fluorlde electrode consists of a slngle lanthanum fluorlde crystal which 1s

internally In contact wlth a constant fluorlde Ion concentratlon and an

Internal reference electrode. When the external electrode surface comes 1n

contact wlth a solutlon (Standard or unknown sample) a potentlal dlfference

orlglnates over the crystal which 1s dependent on the dlfferent fluorlde

concentrations In contact wlth the crystal surfaces. An external reference

electrode (calomel) which allows the measurement of the membrane or crystal

Potential, completes the clrcult. Varlatlons In the lonlc strength between

samples and Standards must be prevented. S1nce only the free fluorlde Ion

actlvity glves a response, the formation of un-dissoclated hydrogen fluorlde

must be prevented. The automated procedure 1s deslgned to reduce these

Problems. (Technicon AutoAnalyzer methodology).

Interferences

Polyvalent catlons such äs for example, Al(III), Fe(III), S1(IV) will remove

free fluorlde Ions out of a solutlon by the formation of soluble complexes.

S1m1larly, the pH must be greater than 5, seelng that the presence of molecular

hydrogen fluorlde lowers the free fluorlde Ion concentratlon. In thls method

the cyclohexylene-d1am1ne-tetraacetic acld (CDTA) must be used äs a complexing

agent, whllst an excess of sodlum Chloride ensures a constant lonlc strength.

The pH of the sample solutlon must be lower than 8 slnce hydroxide Ions make a

s1gn1f1cant contrlbutlon to the electrode response.

Sample preservation

(1) No spedflc preservation measures are requlred.

(11) Samples must be collected and stored in polyethylene Containers. Glass

bottles must preferably be avolded.

19
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Apparatus

Technicon 1on selectlve electrode module equlpped with the followlng electrodes:

Fluoride electrode no. 94-09-00, Orion Research Inc.

Reference electrode no. 90-01-00, Orion Research Inc.

Reagents

(1) Fluoride stock solution A. Dissolve 1,105 g sodium fluoride (NaF) (dried

for l h at 105°C) in deionized water and dilute quantitatively to l l.
The solution contains 0,5 mg/ml f. Dllute 100 ml of stock solution A
quantitatively to l l. This solution contains 0,05 mg/ml F.

(ii) Buffer solution. Dissolve 120 g sodium acetate (NaCH-COO) in l i
deionized water. Add to thls solution 7,5 g CDTA (l,2-cyclohexane-
dlamine-tetraacetic acid monohydrate), plus 100 ml acetic add

(CHgCOOH), together wlth 18 g sodium Chloride (NaCl) and 0,2 ml
BMj-35 wetting agent, and 3ml of the fluoride stock solution A. Stir

to dissolve and adjust pH to 5,8 wlth sodium hydroxide (NaOH). Make up to
2 l with deionized water.

(111) Fluoride Standard Solutions. Prepare the following serles of fluoride
Standard Solutions in l l Volumetrie flasks.

Volume stock solution (ml)

10,0
30,0
50,0
80,0
100,0

mg/l F

0,5
1,5
2,5
4,0
5,0

Flow System and general observatlons

(1) A schematlc diagram of the flow system 1s shown in Figure 1.8.

(11) The calomel reference electrode must always be füll and kept in deionized
water. The electrode may not dry out.

(111) At the end of a work day the electrodes are lifted out of the temperature
controlled compartment. The buffer feeding tube 1s placed 1n deionized

water which is then pumped through for a period of 15 min, both drainage

tubes from the electrodes are clamped and after this the pump platten 1s
lifted.

(iv) Samples are to be filtered through a prewashed 0,45 ym membrane fllter

(Whatman 6F/C or äquivalent).

20
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m3/min

Flgure 1.8: Schematic flow diagram for fluoride (1on electrode).

^

1.7.2 Fluoride, Dlssolved, Automated, SPADNS - 0009102

Optimum concentratlon ränge: 0,05 to 5,00 mg/i fluoride.

Application of method

Th1s method 1s appUcable to the determlnatlon of fluoride 1n surface, ground

and waste water.

Prlndple of method

In the Inverse colorlmetrlc method, the fluoride 1on concentratlon 1s dlrectly

proportional to the extent of dlscolouratlon of the dye formed from zlrconlum

and 2-(sulphophenylazo)-1,8-d1hydroxy-naphtha1ene-3,6 dlsulfonlc add (SPADNS).

There are Interferences present 1n thls method whlch cannot be controlled 1n a

dlrect analysls technlque. Fluoride 1s therefore selectlvely removed by means

of d1st11latlon. D1st11lat1on of both fluorosllldc add and hydrogen fluoride

from an add solutlon wlth a high bo111ng point (sulphuMc add), separates

fluoride from the sample.

Apparatus

Speclal contlnuous flow dlstHlatlon unlt whlch 1s shown schematlcally 1n

Flgure l.9.
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COOLING WATER

r
> FLOW SYSTEM

- from HEAT BATH

• INSIDE DIAMETE3 = 2m

SCALE |: l

Flgure 1.9: Schematic diagram of the contlnuous flow distHlatlon unlt.

Reagents

(1) Sulphuric acid solution. Carefully add 2 S. concentrated sulphuric add

(H-SO.) to 2 4 deionized water. Leave to cool and dilute to 5 i.

(ii) SPADNS reagent. Dissolve 0,133 g zirconyl chloride-octahydrate

(ZrOCl2.8H20) in approxlmately 500 ml deionized water. Add 350 ml

concentrated hydrochloric acid (HC1) and dissolve 0,958 g SPADNS in this

solution. Add l ml Brij-35 wetting agent and dilute to l l. Filter

the solution before use. This solution remains stable provided it is

stored in a dark Container and can be used for an indefinite length of

time.

(iii) Stock fluoride Solution A. Dissolve 1,105 g sodium fluoride (NaF) (dried

for l h at 105°C) in deionized water and dilute quantitatively to l l.

The solution contains 0,5 mg F/ml. Dilute 100 ml of stock Solution A

quantitatively to l 8.. This solution contains 0,05 mg/ml F.

(iv) Standard fluoride solution. Prepare the following series of Standard

fluoride Solutions in Volumetrie flasks.

Volume stock solution (ml) mg/l F

10,0
30,0
50,0
80,0

100,0

0,5
1,5
2,5
4,0
5,0

22

Scanned by RQS, Department of Water Affairs and Forestry, 2010-10-15 - Beware of OCR errors

Archival material only - may not reflect current procedures and policies



Flow System and general observations

(1) A schematlc diagram of the flow System 1s shown 1n Figure 1.10.

(11) Due to the accumulation of salts and carbonlzed organlc materlal In the

d1st1llat1on coll, the coll must be cleaned at least monthly by removlng

1t from the heatlng bath, rlnslng 1t wlth concentrated hydrogen fluorlde

(HF) solutlon and rlnsing 1t thoroughly wlth water.

(111) Samples are to be filtered through a prewashed 0,45 »m membrane filter
(Whatman GF/C or equlvalent).

DIST1LLATION UNIT INJECTION
FITTING —

^WASTE

o
o

I.20 AIR

I.20 AIR

0,32 HüS04

2,00 SAMPLE

o.ao H,O

a WASTE

>
INJECTION

FITTING

COLORIMETER
I5mmx2mm B FLOW CELL
660nm FILTER

1,00 RESAMPLE

0,32 AIR

WASTE

S~\ 0.42 SPADNS-REAGENT

/^ 0,80

10 SAMPLER 2,90 H20

Figure 1.10: Schematlc diagram of flow System for fluorlde
(d1st1llat1on SPAONS).
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1.8 MAGNESIUM - DISSOLVED, AUTOMATED, ATOMIC ABSORPTION - 0012101

Optimum concentratlon ränge: 6 to 150 mg/i magnesium whereby one series of

Standards 1s used for concentratlons between 6 and 75 mg/4 magnesium and a

second series of Standards 1s used for determlnations In the concentratlon

ränge of 15 to 150 mg/1 Mg.

Application of method

Th1s method 1s appllcable for the determlnatlon of magnesium In surface, ground

and waste water.

Prindple of method

Magnesium 1s determlned by atomlc absorptlon spectrometry. Lanthanum 1s used
to prevent the interference of phosphate whlle the addltlon of potasslum serves

äs an 1on1zat1on buffer.

Apparatus

Atomlc absorptlon spectrophotometer equlpped wlth a high sollds alr-acetylene

burner.

Reagents

(1) Hydrochlorlc acld solutlon. Add 10 ml concentrated hydrochloric add

(HC1) to 500 ml delonlzed water and dilute to 2 l.

(11) Potasslum/lanthanum solutlon. Dissolve 5 g potasslum Chloride (KC1) and

20 g lanthanum Chloride (Lad.,) 1n delonlzed water and dilute to 2 l.

(111) Standard Solutions. Dissolve 2,487 g magnesium oxide (MgO) (dried for l h

at 180°C) in 10 ml nitric add (HNO.,) and dilute quantitatively to
2tl l with deionized water. One ml contains 1,5 mg Mg .

Alternatively a Titrisol (Merck Chemicals) Standard may be used.

(iv) Standard Solutions. Prepare the following 2 series of Standard Solutions

in l l Volumetrie flasks.

~
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^
Volume of stock solution (ml) mg/8. Hg

Series 1

Serles 2

4
16
30
44
50

10
20
50
70

100

6,0
24,0
45,0
60,6
75,0

15,0
45,0
75,0

105,0
150,0

The concentration ränge of the flrst series of Standard Solutions 1s

suitable for the analysis of surface water whilst the second series of

Standard Solutions is generally used for ground and waste water analyses.

Flow System and general observations

(i) Flow diagram for the flow System is shown in Figure 1.11.

(11) The Instrument Parameters are given in Table 1.2.

WASTE

INJECTION
FITT1NG

ATOMIC ABSORPTION
SPECTROPHOTOMETER to SAMPLER

cm^mln
0,42 SAMPLE

0,32 AIR

2,50 LoCI3< KCI

1,40 HCI

-O-2*

Figure 1.11: Schematic flow diagram for raagnesium.

Table 1.2: Instrument Parameters for the atomic
absorption analysis of magneslum.

Wavelength
Fuel
Oxidant
Flame
Current (mA)
Slit width (nm)

215,2 nm
Acetylene
Air
Oxidizing
3
0,5
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1.9 NITROGEN
^

1.9.1 Nitrate, Oissolved, Automated, Cadmlum Reduction - 0007101

Optimum concentratlon ränge: 0,1 to 2,0 mg/i riHrogen.

Application of method

This method 1s appllcable to the determlnatlon of nltrate In surface, ground

and drinklng water.

Prlndple of method

This method 1s based on the reductlon of nltrate to nltrlte and the subsequent
colorlmetrlc determlnatlon of nltrlte. The reductlon takes place In a copper

coated cadmlum tube. The condltlons for the reductlon process are set up such
that the nltrate can be quantltatlvely reduced to nltrlte. The effectlveness
of the reductlon of nltrate to nltrlte 1s dependent on the metal of the
reductor, the pH of the solutlon and the actlvlty of the metal surfaces.

Copper coated cadmlum 1s suitable for thls heterogeneous reductlon but 1n a
neutral medlum the cadmlum Ions, which are produced 1n the reductlon process,

form a predpltate wlth hydroxlde Ions. In additlon the reductlon potentlal 1s
a functlon of the hydrogen 1on concentratlon wlth the result that the pH,

espedally on the surface of the metal, changes if the solutlon 1s not
buffered. S1nce the bufferlng capaclty of the surface water 1s not suffldent,

ammonlum chlorlde 1s added, which serves äs both a complexlng agent and a
buffer.

The colorlmetrlc determlnatlon of the formed nltrlte 1s based on the reactlon

of nltrlte wlth an aromatlc amlne (sulphanyl-am1de-hydrochlor1de) which results
1n the formatlon of a dlazonlum compound which 1s coupled to a second aromatlc

amlne (n-1-naphthylethylene-diamine-dlhydrochlorlde). The reactlon results in

the formation of an azo-dye.

The absorbence of the dye 1s measured colorimetrlcally at 520 nm. Separate

nltrate and nltrite values can be obtained through analysis wlthout the Initial

reductlon step (van Vliet, 1974).

Sample preservatlon

Preservatlon of the samples by the addition of 20 mg/l Hg(II) 1s essentlal.

Interferences

The concentratlon of oxldatlon and reductlon agents and potentlal Interferlng

metal Ions 1s usually low 1n the surface water. Metal Ions which are present
at high concentration, can lead to positive errors.
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Reagents

(1) Colour reagent. Add 50 ml concentrated phosphoMc acid (H-PO.)

to 400 ml delonlzed water. Dlssolve 20 g sulphanllamide

(C6HgN202S) and l g N-l-naphthylethylened1am1ne

dlhydrochlorlde (C10H?NHCH2NH2.2HC1) 1n thls solutlon and

dllute to 500 ml wlth delonlzed water. Store 1n a dark glass

bottle. Thls solutlon 1s stable for one week.

(11) Buffer solutlon. Dlssolve 30 g ammonlum Chloride and 0,2 g EDTA

(C10H14N2Na2Og.2H20) 1n 800 ml delonlzed water. Add
0,5 ml Br1j-35 wettlng agent and dllute to l l. Adjust the pH to

6,6 wlth dlluted NH3 solutlon (10 ml concentrated NH3 solutlon
dlluted to 100 ml wlth delonlzed water).

(111) Nitrate stock solutlon A. Dlssolve 0,7218 g potasslum nltrate

(KNO-) (drled for l h at 105°C) and dllute to l l wlth delonlzedJ

water. Preserve the stock solutlon wlth 20 mg/l Hg(II). Th1s

solutlon contalns 0,1 mg/ml N03-N. Stock solutlon B. Dlssolve

2,888 g drled KNOg, äs descrlbed for stock solutlon A. Th1s
solutlon contalns 0,4 mg/ml NO_-N.

(1v) Nitrate Standard solutlon. Prepare the followlng serles of Standard

Solutions in l l Volumetrie flasks by approprlate quantitative

dllutlon of the stock Solutions.

Volume of stock solutlon (ml) mg/l NO,-N
<j

Serles 1
4,0

10,0
20,0
30,0
40,0

0,4
1.0
2,0
3,0
4,0

Volume stock solutlon B (ml) mg/l N03-N

Serles 2
5,0 2,0

10,0 4,0
25,0 10,0
35,0 14,0
50,0 20,0

Preserve the serles of Standard Solutions wlth 20 mg/l Hg(II) and störe

1n polyethylene Containers at 4°C.
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(v) Preparatlon of the reductor tube. The reductor coll 1s made out of a l m

long cadmlum tube (Reactor Experiments Inc. California, USA) wlth an

Internal dlameter of l mm. W1th the use of a syrlnge, 10 ml of a

Z mol/l HC1 solutlon 1s Injected through the tube and that 1s followed

by delonlzed water. The reductor 1s then connected to the flow System,

and, wlth all the reagents flowlng the hlghest Standard solutlon 1s

asplrated untn constant peak helghts are obtalned.

Flow System and general observatlons

(1) The flow System 1s schematlcally represented 1n Flgure 1.12.

(11) Samples are to be flltered through a prewashed 0,45 jim membrane fllter
(Whatman GF/C or equlvalent).
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Attl l 4
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— v_/—
T ^~\ 0,32 AIR

\_J

OI .20 NH4CI BUFFER

^\ 0,16 SAMPLE

WASTE f~\ 0,80
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o

O 0 Öl\° °/
SAMPLER
40/h
2:1

Flgure 1.12: Schematlc diagram of flow system for nltrate (cadmlum reductlon).

1.9.2 Kjeldahl Nltrogen, Dlssolved, Automated - 0007003

Optimum concentratlon ränge: 0,05 to 4,00 mg/l nltrogen. -

Application of method

Th1s method 1s appUcable to the determlnatlon of Kjeldahl nltrogen 1n surface,

ground, waste and drlnklng water.

Pr1nc1ple of method

The sample 1s drled and dlgested wlth concentrated sulphurlc add, whlch
converts the organlc nltrogen to ammonlum Ions. Inorganlc nltrogen compounds
whlch Include amongst others, nltrate, nltrlte, organlc oxlmes and azldes are
not reduced. For most surface waters 1t 1s accepted that the method determlnes
the sum of the ammonlum orlglnally present and the organlc nltrogen. The
dlgestlon 1s accelerated 1n two ways: by the addltlon of Mercury(II) äs a
catalyst and potasslum sulphate.

~
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After digestlon of the sample, the ammonlum Ions are determlned uslng the

1ndophenol-blue method (van VUet, 1974).

Reagents

(1) Digestion mlxture. Dlssolve 2 g mercury oxide (HgO) 1n a 25 ml 3mo1/!l

sulphurlc add (H„SO.) solutlon. Add 200 ml concentrated H.SO,
f. t i 4

to 500 ml delonlzed water, and wMlst 1t 1s still warm add 134 g

potasslum sulphate (K_SO.) to the solutlon. Combine the two above
mentloned Solutions, leave to cool and dllute to l l wlth delonlzed

water. As K.SO, has the tendency to crystalyze out at <20°C the
solutlon must be stored at about 25°C.

(11) Sodlum nltroprusslde solutlon. Dlssolve 0,25 g sodlum nltroprusslde
(Na2[Fe(CN)5NO].2H20) 1n 400 ml delonlzed water and make up to
500 ml. Allow to stand overnlght before use.

(111) Phenol worklng reagent. Dlssolve 83 g phenol and 36 g sodlum hydroxlde 1n
900 ml delonlzed water, and dllute to l l wlth delonlzed water.

(1v) Sodlum hydroxlde stock solutlon. Dlssolve 8,75 g sodlum hydroxlde 1n

400 ml delonlzed water, and make up to 500 ml.

(v) Complexlng buffer. Dlssolve 33 g potasslum sodlum tartrate
(C4H4KNa06.4H20) and 24 g sodlum dtrate (Nâ Ĥ .
2H_0) 1n delonlzed water and make up to l l. Add 3 drops Br1j-35

wettlng agent. Replace thls solutlon every thlrd day.

(v1) Sodlum hypochlorlte (NaOCl) solutlon. Dilute 150 ml commerclal bleach

solutlon (Javel) to 200 ml wlth delonlzed water.

(v11) Wash water. Add 100 ml of the digestlon mlxture to 500 ml delonlzed
water.

Digestion procedure

(1) Pipette 10 ml sample 1nto a digestlon tube. Add 2 ml digestlon
mlxture wlth the a1d of an automatlc 1nject1on plpette (Zlpette, Holpro,

Johannesburg) and 3 carborundum boHIng chlps.

(11) Place the digestlon tubes 1n a pre-heated (150°C) digestlon block. After
20 min Increase the temperature of the block to 380°C. Digest the samples

for 35 i 5 min after the temperature of 380°C 1s reached.

(111) Immedlately remove the tubes from the block, leave to cool and add 10 ml

delonlzed water. Shake well to dlssolve any predpltate; a Vortex mlxer
(Wh1rl1m1xer, Labotec) 1s sultable for thls purpose.
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(1v) Each group of samples dlgested per dlgestlon block, must Include a set of

Standards and a blank solutlon.

Flow System and general observatlons

(1) The flow System 1s shown schematlcally 1n Figure 1.13.

(11) Samples are to be flltered through a prewashed 0,45 ym membrane fllter
(Whatman GF/C equlvalent).

cm^mln
0,32 AIR

°'42 SÄMPLE[
WASTE

V^" C^ ffM\
/ HEAT BATH'^-'' IO"T'U'R'NS

COLORIMETER
630nm FILTER

10 TURNS |INJECTION ^' IFITTING — ,|20 soom« HYDROXIDE

t"O 0,42 SAMPLE L

«SIE

A4DEBUBBLE
/^ 0,42 AIR

^^ POTASSIUM £

fftf/^, VA ' O ''°° * CITRIC ac

,

O
40/n
2 1

ODIUM TARTHATE
D

0 TURNS 5 TURNS ^~^
| ,-^. 0,42 WORKING PHENATE REAGENT

O 0,32 SODIUM HYPOCHLORITE

/^\ 0,42 SODIUM NITROPRUSSIDE
\J

, WASTE f~\ 1,60
^-S

Figure 1.13: Schematlc diagram of flow System for Kjeldahl nltrogen.

1.9.3 Ammonium, Olssolved, Automated, Indophenol-blue - 0007102

Optimum concentratlon ränge: 0,02 to 2,00 mg/4 ammonlum.

Application of method

Th1s method 1s appUcable to the determinatlon of ammonlum 1n surface, ground

and drlnklng water.

Prlndple of method

Ammonium reacts In a mlldly alkallne medlum wlth hypochlorlte to form
monochloramlne, whlch forms Indophenol-blue 1n the presence of phenol,

catalytlcal quantHles of nltroprusslde and an excess of hypochlorlte. The

formlng of monochloramlne requlres a pH between 8 and 11,5. At higher- pH

values Incomplete oxldation of ammonlum to nltrlte occurs.

~
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Predpitates of caldum and magneslum hydroxlde are formed at pH values higher
f^ than 9,6 and a complexlng agent (citrate) 1s added to prevent prec1p1tat1on.

Reagents

(1) Sodlum nltroprusslde solutlon. Dissolve l g sodlum nltroprusslde
(Na2[Fe(CN)5NO].2H20) 1n 800 ml delonlzed water and dllute to
1 l.

(11) Phenol stock solutlon. Dissolve 300 g phenol (C6H5OH) 1n 500 ml
ethanol.

(111) Sodlum hydroxlde stock solutlon. Dissolve 400 g sodlum hydroxlde (NaOH)
1n l l delonlzed water.

(1v) Complexlng buffer. Dissolve 200 g potasslum sodlum tartrate
(C4H4KNaO&.4H20) and 25 g sodlum citrate (Na3C6H50?.
2H„0) and dllute to l i 1n delonlzed water.

(v) Phenol worklng solutlon. Add 50 ml phenol stock solutlon to 100 ml
NaOH stock solutlon and dllute to l l wlth delonlzed water.

(v1) Sodlum hypochlorlte (NaOCl) solutlon. Dllute 60 ml commerdal bleach
solutlon (Javel) to 200 ml wlth delonlzed water.

(v11) Ammonium stock solutlon. Dissolve 0,1911 g ammonlum Chloride (NH.C1)
(drled for 2 h at 105°C) and dllute quantltatlvely to 1 l wlth delonlzed
water.

(v111) Ammonium Standard Solutions. Prepare 1n 500 ml Volumetrie flasks the
followlng serles of ammonlum Standards by approprlate quantitative
dllutlon of the concentrated stock solutlon whlch contalns 0,05 mg/ml
NH4-N.

Volume stock solutlon (ml)

4,0
10,0
20,0
30,0
40,0

mg/l NH4-N

0,2
0,5
1,0
1,5
2,0

Preserve the Standard solutloijs wlth 20mg/l Hg(II) and störe 1n
polyethylene Containers at 4°C.
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Flow system and general observatlons

(1) The flow system 1s represented 1n Flgure 1.14. To avold contamlnatlon of
the system by ammonlum which may be present 1n the atmosphere of the
laboratory, the segmentatlon a1r must be pumped through a 2,5 mol/8,

H2S04 solutlon.

(11) The flow system must be Mnsed perlodically wlth dlluted sulphurlc acld to

prevent the accumulation of hydroxlde predpltates.

(111) As a result of the complex formlng of Hg(II) wlth ammonlum Ions, mercury

chlorlde glves a negative Interference. Th1s can be overcome by addlng

the same quantlty of Hg(II) to the Standard used for the callbratlon

curves and the samples.

(1v) The colour 1ntens1ty 1s pH dependent. If samples are preserved wlth acid,

both the Standard solutlon and the washing water must contaln the same

quantlty of acld.

(v) The ammonlum concentratlon 1n the Standard changes wlth tlme. Therefore

1t 1s necessary to prepare fresh Standard Solutions at least once a week.

(v1) Samples are to be flltered through a prewashed 0,45

(Whatman GF/C equlvalent).

membrane fllter

cm7mln pQTÄSSlUM
_ WASTE /~\ 0,23 SOOIUM TARTRATE

V
H 1 S~\ 0,42 AIR

L ~~w~
/"•x f^ AMA AWW AW ' f\ o.so SAMPLE

"15
SAMPLER
40/h
2:1

/ HEAT BATH^'^ 10 TURNS 10 TURNS 10 TURNS
f \ /~\ 0,32 WORKINO PHENATE REAGENT

1 1 W
COLORIMETER f-^ OJO SODIUM HYPOCHLORITE

630nm FILTER
f\ 0,10 SODIUM NITROPRUSSIOE
LJ

WASTE f\ 0,60
W

Flgure 1.14: Schematlc flow diagram for ammonlum (1ndophenol-blue).
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1.10 pH - AUTOMATED - 0001601

Measurement ränge: 2,5 to 12 pH unlts.

Application of method

AppUcable to all water samples.

Pr1nc1ple of method

The sample 1s pumped past a m1cro-pH electrode, connected to a sultable pH

meter (Verhoef and Engelbrecht, 1977). Cal1brat1on 1s done wlth pH 7 and pH 11

buffers.

Reagents

(1) Hydrochlorlc add (HC1) solutlon: Add HC1 to 10 l delonlzed water untll

a pH of 2,3 1s reached. Preserve the solutlon wlth 0,5 ml HgCl2-

(11) Buffer solutlon (pH 7). Add commerdally avallable T1tr1sol buffer of

pH 7 (Merck Chemicals) to 500 ml delonlzed water.

(111) Buffer solutlon (pH 11). Add commerdally avallable THrlsol buffer of

pH 11 (Merck Chemicals) to 500 ml delonlzed water.

Flow system

Flow diagram 1s shown schematlcally 1n Flgure 1.15.
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Flgure 1.15: Schematlc flow diagram of flow System for pH.
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1.11 PHOSPHORUS

1.11.1 Introductlon

The analytlcal methods descMbed here are based on the reactlons whlch are

spedflc for the orthophosphate 1on. Olfferent phosphorus compounds are

present in surface waters and depending on the preHmlnary sample treatment,

the dlfferent forms may be determlned. The presence of the dlfferent forms and

the correspondlng analytlcal procedures for the determlnatlon of these forms 1s

glven In the followlng classlf1cat1on (Table 1.3).

Table 1.3: Classlf1cat1on of the different forms of
phosphorus 1n water wlth the correspondlng
preHmlnary sample treatment

Chemical form Prel1m1nary sample treatment

Total phosphate-phosphorus Ac1d-ox1dat1on
Orthophosphate Filtration
Hydrolyzable phosphates Ac1d hydrolysis

(sulphurlc add)
Organo-phosphate compounds Ac1d-ox1dat1on

Application of method

The method 1s appUcable to the determlnatlon of phosphate 1n a water sample or

a dlgested sample.

Prlndple of method

Th1s method 1s based on the reactlon of the phosphate 1on 1n an add medium

wlth molybdate to form a molybdophosphate complex, whlch 1s reduced to an

Intensely blue coloured compound. A notlceably high Increase 1n the formatlon

rate of the heteropoly-acld 1s obtalned In the presence of trlvalent antlmony

Ions. Ascorblc add 1s used äs the reducing agent (Murphy and Rlley, 1962).

Interferences

(1) No Interferences are caused by metal concentratlons whlch are usually

present 1n water. H1gh 1ron concentratlons can however preclpltate

phosphate. The Interference of mercury(II), whlch 1s used for sample

preservatlon, 1s eHmlnated by the addltlon of Chloride Ions.

(11) Arsenate 1n concentratlons higher than that present 1n sea water does not

Interfere, (Murphy and Riley, 1962).
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(111) The Influence of slUca whlch also forms a blue complex, 1s dependent on

both the pH and the reactlon tlme. In general 1t can be accepted that
slUca does not cause any Interferences provlded the pH 1s between 0,8 and
1,0 and the reactlon tlme 1s not longer than 10 min. Even for longer
reactlon tlmes slUca Interferences are usually negllgible. For the

method descrlbed here, 20 mg/9. slHcon gives an apparent concentratlon
of <0,002 mg/8, phosphorus.

Sample preservatlon

If the samples are not analysed wlthln 2 h after belng taken, they must be
preserved wlth 20 mg/i Hg(II).

1.11.2 Phosphorus, Dissolved, Orthophosphate, Automated, Phosphomolybdate - 0015101

Optimum concentratlon ränge: 0,05 to 0,5 mg/9, phosphorus.

Application of method

Th1s method 1s appUcable to the determlnatlon of orthophosphate 1n fUtered
surface, ground and waste water samples.

Reagents

(1) Sulphurlc add solutlon. Add 234 ml concentrated sulphurlc acld
(H2S04) to 700 ml delonlzed water and dllute to l i.

(11) Sampler wash solutlon. Delonlzed water.

(111) SLS solutlon. Olssolve 15 g sodlum lauryl sulphate 1n 85 ml delonlzed

water. (Commerclally avallable at Merck Chemicals äs dodecyl hydrogen
sulphate sodlum salt).

(iv) Sodlum Chloride solutlon. Dlssolve 5 g sodlum Chloride (NaCl) 1n
delonlzed water and dllute to l l. Add 2 ml SLS solutlon.

(v) Ammonium molybdate solutlon. Dlssolve 25 g ammonlum molybdate
tetrahydrate ((NH4)6Mo702/|.4H20) In delonlzed water and dllute

to l l.

(v1) Antlmony potasslum tartrate solutlon. Dlssolve 2,5 g antlmony potasslum
tartrate (K(SbO)C&H406) 1n delonlzed water and dllute to l l.

Store 1n a glass Container. Th1s solutlon can be used for äs long äs 1t
remains clear.

(v11) Comblned reagents. Combine gradually and mix thoroughly 200ml ammonlum

molybdate solutlon, 250 ml H-SO. solutlon and 50 ml antlmony

potasslum tartrate solutlon. Provlded the solutlon 1s stored dust free 1n

a dark glass Container, 1t remains stable for several months.
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(vi11) Ascorblc add solutlon. Dissolve 25 g ascorbic acld (C,H00.) 1n
D D 0

deionlzed water and dllute to l 1. Provided the solutlon 1s stored 1n a

dark glass Container at 4°C, 1t remalns stable for at least a week.

(1x) Phosphate stock solutlon A. Dissolve 0,5492 g potasslum hydrogen
Phosphate (KH2P04) (dried for 1 h at 105°C) 1n deionlzed water and
dllute quantitatively to l l. The stock solutlon contalns 0,125 mg/ml
P04-P.

(x) Phosphate stock solution B. Dilute 100 ml of stock solutlon A
quantitatively to l i. This solutlon contalns 0,0125mg/ml PO.-P.

(xi) Phosphate Standard Solutions. Prepare the followlng seMes of Standard
Solutions by quantitative dilution of stock solutlon B in Volumetrie
flasks.

Volume stock solution (ml) mg/i P

4,0 0,050
10,0 0,125
20,0 0,250
30,0 0,375
40,0 0,500

The above mentioned stock and Standard serles must be preserved with
20 mg/l Hg(II) solutlon. Provided the solutlon 1s stored at 4°C, 1t
remains stable for several months.

Flow System and general observations

(1) The flow System 1s schematically shown in Figure 1.16.

-~
(11) The presence of suspended materlal in the sample generally leads to a

positive blas. Therefore 1f there is any observable sediment and/or algae
in the sample 1t must be removed by filtratlon through a prewashed

0,45 vm membrane filter. (Whatman GF/C or equlvalent).
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Flgure 1.16: Schematlc flow diagram for orthophosphate.

1.11.3 Phosphorits, Total, Dlssolved, Automated, Phosphomolybdate - 0015002

Optimum concentratlon ränge: 0,05 to 0,500 mg/l phosphorus.

Application of method

Th1s method 1s appllcable to the determlnatlon of total phosphorus In surface,

ground and waste water.

Reagents

(1) Digestion mlxture. Add 20 mi sulphurlc acld (H2S04) to 100 m«,

delonlzed water. Dlssolve 32 g ammonlum peroxydlsulphate

((NH4)2S2Og) 1n the above solutlon and dllute to 200 ml and

störe 1n a polyethylene Container. Thls solutlon 1s stable for 12 h.

(11) Sampler wash solutlon. Add 40 ml dlgestlon mlxture to 800 ml

delonlzed water. Boll the mlxture under reflux for 20 min and leave to

cool.

(111) SLS solutlon. Dlssolve 15 g sodlum lauryl sulphate 1n 85 ml delonlzed

water. (Commerdally avallable at Merck Chemicals äs dodecyl hydrogen
sulphate sodlum salt).

(v1) Sodlum Chloride solutlon. Dlssolve 15 g sodlum Chloride (NaCl) 1n

delonlzed water and dllute to l l. Add 2 ml SLS solutlon.

(v) Ammonium molybdate solutlon. Dlssolve 25 g ammonlum molybdate

tetrahydrate ((NH4)&Mo7024.4H20) 1n delonlzed water and dllute

to l l.

(v1) Sulphurlc add solutlon. Add 152 ml concentrated H2$04 to 800 ml

delonlzed water and dllute to H.
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(vli) Antimony potassium tartrate solution. Dissolve 2,5 g antlmony potassium
tartrate (K(SbO)C&H406) in deionlzed water and dllute to 1 i.
Store in a glass Container. This solution can be used for äs long äs it

remains clear.

(viii) Combined reagents. Combine gradually and mix thoroughly 200 ml ammonium
molybdate solution, 250 ml H.SO. solution and 50 ml tartrate
solution. Provided the solution is stored dust free in a dark glass

Container, it remains stable for several months.

(ix) Ascorbic acid solution. Dissolve 25 g ascorbic acid (ctHo°3) in

deionized water and dilute to l 1. Provided the solution is stored in a

dark glass Container at 4°C, it remains stable for at least a week.

(x) Phosphate stock solution A. Dissolve 0,5492 g potassium di-hydrogen

Phosphate (KH2P04) (dried for l h at 105°C) in deionized water and
dilute quantitatively to l l. The stock solution contains 0,125 mg/ml

P04-P.

(xi) Phosphate stock solution B. Oilute 100 ml of stock solution A

quantitatively to l l. This solution contains 0,0125 mg ml PO.-P.

(x11) Phosphate Standard Solutions. Prepare the following serles of Standard
Solutions by quantitative dilution of stock solution B in l l Volumetrie

flasks.

Volume stock solution (ml)

4,0
10,0
20,0
30,0
40,0

mg/l P

0,050
0,125
0,250
0,375
0,500

The above mentioned stock and Standard series must be preserved with

20 mg/l Hg(II) solution. Provided the solution is stored at 4°C, it

remains stable for several months.

Digestion procedure

The acidified samples are autoclaved in closed Containers with peroxo-

disulphate. Potential interferences from the released chlorine can be
eliminated by adding ascorbic acid to the samples in the flow System, before

the molybdate reagent is added.

The oxidation takes place in 30 ml pyrex test tubes which are equipped with

screw tops with teflon linings. An ordinary kitchen pressure cooker can be
used äs an alternative to an autoclave.
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Analysls of samples

Pipette 20 ml of sample in the test tube and add 2 ml digestion mlxture.
Screw the cap closed and autoclave for 30 min at 103 kPa. The volume of the

samples must remaln unchanged. The total phosphate 1s determined wlth the flow
System 1n Figure 1.17.

If a pressure cooker is used the digestion should take place for 30 min at
103 kPa.

Analvsis of Standards and blanks

Take 20 ml of each Standard solution or 20 ml deionized water 1n the case

of the blank, and conduct the digestion process in the same way äs is described
for samples in the digestion process mentioned earlier. A series of Standards

and two blanks must be included with each group of samples to be digested.

Flow System and general observations

(1) The flow System is shown schematically in Figure 1.17.

(ii) Glass apparatus. All glassware used in the analysis must be washed with a
5 mol/l HC1 solution and this must be followed with deionized water.

The glassware must preferably be reserved only for phosphate
determinatlons. After the glassware has been washed it should be covered

with deionized water. If this procedure is followed, the hydrochloric
add treatment 1s only required periodlcal ly.

(111) Commerdal washlng agents must not be used under any circumstances.

necessary only phosphate free washlng agents should be used.

If

(iv) Samples are to be flltered through a prewashed 0,45 \an membrane filter
(Whatman GF/C or equivalent).

-O- 1.60 WASH WATER

0,10 SODIUM CHLORIDE_

— JA

J^NJ VAMA, .1««*« ...» /-N 0.60 SAMPLE 1

r 20 TURNS

COLORIMETER
50mm * 1,5mm t FLOW CELL
660nm FILTER

5 TURNS 5 TURNS A40E9UBB
/-^ 0,42 AIR
\J

O O.IO COM8INED REAGENTS

O O,IO ASCORB1C ACID

S-\ 0,80 WASTE

r-
-=nî Nr

§ ° 1)x°ooy
SAMPLER
30/h
2:1

Figure 1.17: Schematic flow diagram of flow System for total phosphate.
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1.12 POTASSIUH, DISSOLVED, AUTOHATED, FLAME EMISSION - 0019101

Optimum concentratlon ränge: 2 to 50 mg/i potassium.

Application of method

Th1s method 1s applicable to the determlnatlon of potassium 1n surface, ground

and waste water.

Princlple of method

Potassium 1s determined by flame emlsslon spectroscopy. Lithium 1s used äs an

Internal Standard.

Apparatus

Technicon dual channel flame photometer, model no. 110-A005-03.

Reagents

(1) Internal Standard solutlon. Olssolve 2,38 g Hthlum nltrate (L1N03) 1n

l l delonlzed water and dllute to 2 l.

(11) Standard Solutions. Dlssolve 1,9066 g potassium Chloride (KC1) (drled for

l h at 140°C) 1n delonlzed water and dllute quantltatlvely to 2 l.

l mt contalns 0,5 mg K.

(111) Standard Solutions. Prepare the followlng serles of Standard solutlons 1n

l l volumetrlc flasks.

Volume of

Serles 1

Serles 2

stock solutlon (ml) mg/l K

4,0
16,0
30,0
40,0
50,0

10,0
30,0
50,0
70,0
100,0

2
8

15
20
25

5
15
25
35
50
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Flow System and general obersevatlons

(1) A schematlc diagram of the flow System 1s glven In Figure 1.18.

(11) Samples are to be flltered through a prewashed 0,45 vm membrane fUter

(Whatman GF/C or equlvalent).

*4 20 TURNS

ATOMIC ABSORPTION
SPECTROPHOTOMETER

O
10 SAMPLER

cm^mln
WASTE ^ 0,80

W

/-S 0,42

INJECTION r Oi 2i50
H HIN« 1 [ \*J

l /•> 2,00

AIR/MjO

SAMPLE

HCI

ClCI

1

O
SAMPLER
40/n
2:1

Figure 1.18: Schematlc flow diagram for potasslum.
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1.13 SILICA - OISSOLVED, AUTOHATED, MOLYBDATE BLUE - 0014101
>̂

Optimum concentratlon ränge: 0,5 to 40,0 mg/l s1!1ca.

Application of method

Th1s method 1s appUcable to the determlnatlon of sH1ca 1n surface, ground

and drlnklng water.

PMndple of method

The automated determlnatlon of s1!1ca 1n the ortho-s1!1cate form 1n natural

water 1s based on the formatlon of/«-l:12 molybdosH1c1c acid and the partlal
reductlon of that to a blue heteropoly acid. The/s-1somer of the 1:12

molybdosH1c1c acid. 1s unstable and 1s spontaneously converted to the

a-1somer. Th1s Isomerlzatlon 1s dependent on temperature, pH and the

dlssolved salt concentratlon, and requlres a relatlvely long perlod for
completlon.

By settlng the pH at 2 the condltlons for the formlng of the ,& -complex are

optlmized (Truesdale, Smith and Smith, 1979). The addltlon of oxallc add

prevents the formlng of the phosphorus complex by reactlng wlth the excess

molybdate. The reductlon of the /»-Isomer wlth ascorblc acid produces a

heteropoly add whlch 1s measured color1metr1cally at 660 nm.

Sample preservatlon

(1) Samples for slUca analysls must preferably not come In contact wlth
glass and should be stored 1n polyethylene Containers.

(11) Preserve the samples wlth 20 mg/l Hg(II) per sample.

(111) S1l1ca has the tendency to polimerlze at low temperatures so the samples

must not be frozen.

Reagents

(1) Ammonium molybdate solutlon. Dlssolve 5 g ammonlum molybdate
((NH4)&Mo024.4H20) 1n delonlzed water. Add 1,4 ml sulphurlc

add (H2S04) and dllute to l l.

(11) Oxallc add solutlon. Dlssolve 50 g oxallc add (C?H204.2H20) 1n
800 ml delonlzed water. Add 2,5 ml Contrad (Merck Chemicals) and

dllute to l l.
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(111) Ascorblc add solutlon. Dlssolve 17,6 g ascorblc acld (C6HgOfc) 1n
delonlzed water and dllute to l l. Provlded the solutlon 1s stored at

4°C 1n a dark glass contalner, 1t 1s stable for at least a week.

(1v) S1l1ca stock solutlon. By maklng use of a commerdally avallable sH1ca

concentrate (T1tr1sol, Merck Chemicals) prepare a stock solutlon that

contalns 1000 mg/9. Silicon.

(v) S1l1ca Standard solutlon. Prepare the followlng serles of

Solutions 1n l l Volumetrie flasks.

Standard

Volume stock solutlon (ml)

4,0
10,0
20,0
30,0
40,0

mg/l S1

4
10
20
30
40

Preserve the serles of Standard Solutions wlth 20 mg/i Hg(II) solutlon

and störe 1n a polyethylene Container.

Flow System and general observatlons

(1) The flow System 1s shown schematlcally 1n Flgure 1.19.

(11) The samples must be free of any observable suspended matter. If there 1s

suspended mateMal present 1t can be removed by flltratlon through a

prewashed 0,45 ym membrane fllter. (Whatman GF/C or equlvalent)

COLOflIMETER
15mm » 1.5mm 8 FLOW CELL
660nm FILTER

0.23 ASCOR6IC ACID

0,40 H20

Flgure 1.19: Schematlc f low diagram for sH1ca.
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1.14 SODIUM - DISSOLVED, AUTOHATED, FLAME EMISSION - 0011101

Optimum concentration ränge: 16 to 400 mg/l sodlum.

Application of method

Th1s method 1s appUcable to the determlnatlon of sodlum 1n surface, ground
and waste water.

Prlnclple of method

Sodlum 1s determlned by means of flame emlsslon spectroscopy. Lithium 1s used
äs an Internal Standard.

Apparatus

Technlcon dual channel flame photometer.

Reagents

(1) Internal Standard solutlon. Dlssolve 2,38 g I1th1um nltrate (L1NOJ 1n
0

l 8. delonlzed water and dllute to 2 l.

(11) Standard Solutions. Dlssolve 20,336 g sodlum Chloride (NaCl) (drled for

l h at 140°C) 1n delonlzed water and dllute quantltatlvely to 2 l, 1 ml

contalns 4,0 mg Na.

(111) Standard Solutions. Prepare the followlng series of Standard Solutions 1n
l l Volumetrie flasks.

Volume of stock solutlon (ml) mg/8. Na

Series 1

Series 2

4,0
16,0
30,0
40,0
50,0

10,0
30,0
50,0
70,0
100,0

16
64
120
160
200

40
120
200
280
400

-
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Flow System and general observatlons

(1) A schematlc diagram of the flow System 1s glven 1n Flgure 1.20.

(11) Samples are to be filtered through a prewashed 0,45 um membrane fUter
(Whatman GF/C or äquivalent).

2O TURNS

ATOMIC ABSORPTION
SPECTROPHOTOMETER

, WASTE /~\

to

W

INJECTtON f f^\

1 r̂ i
{J

P)
W

SAMPLER /—^

cm^min
0,80

0,23

2,50

2,00

0,32

1,20

AIR/HaO

SAMPLE

HCI

CsCI

AIR

H,0

| ^

0
.SAMPLER
40/h
2 :1

Figure 1.20: Schematlc diagram of flow System for sodlum.
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1.15 SULPHATE - OISSOLVED, AUTOHATED. TURBIDIMETRIC - 0016101

^

Optimum concentratlon ränge: 15 to 250 mg/l sulphate.

Application of method

Th1s method 1s appUcable to the determlnatlon of sulphate 1n surface. ground

and drlnklng water.

Prlnclple of method

The method 1s based on the formatlon of a low solublllty barlum sulphate

Suspension (Ksp of BaSO^ = 9,2 x 10" ) 1n a gelatlne medlum. The degree

of Suspension of the BaSO. 1s dependent on the reactlon condltlons and 1t 1s

necessary to ensure that the condltlons and requlrements wlth regard to the

reagents must be strlctly followed. The addltlon of hydrochlorlc add prevents

the formlng of predpltates of sulphlte, carbonate, chromate and phosphate wlth

barlum. The turbldlty of the BaSO. Suspension 1s determlned

color1metr1cally at 405 nm.

H1gh sulphate concentratlons lead to the formlng of an excess BaSO. whlch

accumulates on the walls of the flow cell and of the tubes. The addltlon of

EDTA to a large extent prevents thls accumulatlon.

Interferences

(1) Suspended materlal and colour cause Interferences 1n the determlnatlon.

Precautlons must be taken to ensure the mlnlmum turbldlty or colour 1n

the samples. Although the flow System Includes a blank channel, 1t does

not compensate fully for relatlvely high turb1d1t1es or colour. It 1s

therefore essentlal that turbld samples must be flltered or centrlfuged.

Reagents

(1) DHute hydrochlorlc add solutlon. 50 ml hydrochlorlc add (HC1)

dlssolved 1n 2 l delonlzed water.

(11) Buffer solutlon. 60 g EOTA (tetra sodlum) and 10 g sodlum hydroxlde

(NaOH) dlssolved 1n 2 l delonlzed water.

(111) Barium Chloride solutlon. Heat 500 ml delonlzed water (80°C) 1n a 2 l

beaker. Dlssolve 0,05 g thymol crystals 1n thls solutlon and add 1,51

delonlzed water. Slowly dlssolve 4 g gelatlne (carboxyl methyl cellulose)

1n thls. After everythlng 1s dlssolved add 25 g barlum Chloride (BaCl„).

(1v) Gelatine solutlon. The same procedure 1s followed äs above except that

the barlum Chloride (BaCl2) 1s left out.
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(v) Sulphate stock solutlon. Dlssolve 5,9146 g anhydrous sodlum sulphate

(Na2S04) (drled for l h at 105°C) 1n delonlzed water and dllute

quantltatlvely to l l. Store at 4°C 1n a polyethylene Container. The

solutlon contalns 4,0 tng S04/ml.

(v1) Sulphate Standard Solutions. Prepare the followlng seMes of Standard

Solutions 1n l 8. Volumetrie flasks.

Volume of stock solutlon (ml) mg/l $04

Serles 1

Serles 2

6,0
16,0
30,0
44,0
60,0

10,0
20,0
40,0
70,0

100,0

24
64
120
176
240

40
80
160
280
400

The Standard Solutions are stored at 4°C 1n polyethylene Containers. The

concentratlon ränge of the flrst serles of Standards 1s used for ground

and waste water analyses.

Flow System and general observatlons

(1) The flow System 1s shown schematlcally 1n Flgure 1.21. The sampler 1s
equlpped wlth two probe tubes; one 1s used for the normal sampllng

process and the second 1s used for addltlon of the barlum Chloride 1nto

the flow System. The latter probe tube goes back to the buffer solutlon

durlng the wash cycle of the sampler. The barlum Chloride 1s pumped to a

small glass Container whlch 1s mounted onto the sampler 1n such a way that

the second probe tube 1s 1n the sampler durlng the sampllng cycle (Basson

and Böhmer, 1972).

(11) To obtaln acceptable peaks 1t 1s essentlal that the blank and analytlcal

channels are properly synchronlzed. The sample flow 1n the blank channel

must be one liquid segment 1n advance of the sample flow 1n the analytlcal

channel. S1m1larly the barlum Chloride solutlon 1n the analytlcal channel
must reach the 1nject1on flttlng two segments after the sample. Both

synchronlzatlon procedures can be carrled out by maklng use of a coloured
solutlon 1n a sample Container.

(111) Samples are to be flltered through a prewashed 0,45 v") membrane fllter

(Whatman GF/C or equlvalent).
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Flgure 1.21: Schematlc diagram of flow System for sulphate.
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SECTION 2: BIOLOGICAL AND BACTERIOLOGICAL SAMPLING AND ANALYTICAL METHODS

2.1 BIOLOGICAL, SAMPLING AND ANALYTICAL METHODS

2.1.1 Cholce of sampUng slte

Blologlcal sampUng

If the area belng sampled 1s an Impoundment for eutrophlcatlon or other

Umnologlcal studies 1t should be noted that algal populatlons are often very

patchy and false Impressions of the trophlc state of the Impoundment may be

galned by collectlon of samples 1n areas of art1f1c1ally high or low

phytoplankton denslty. Before sampUng beglns, therefore, cognlzance should be

taken of such factors äs wind dlrectlon, flow, point sources and spatlal

d1str1but1on of nutrlents.

^
2.1.2 Plankton sampUng method

The plankton of an Impoundment 1s the free floating aquatlc blota. Samples

are most commonly taken using either a 5 m hose-plpe or a van Dorn sampler.

The hose-plpe sampler allows collectlon of 5 m depth Integrated sample and

conslsts of a 5 m length of Standard garden hose-plpe (~19 mm I.D.), tled at

both ends of a 6 to 7 m length of cord and welghted at one end wlth lead. The

welghted end 1s lowered 1nto the Impoundment and the plpe slowly lowered 1n a

vertlcal positlon untll the unwelghted end 1s just below the surface. The

welghted end 1s then hauled In, bendlng the plpe 1nto a U-shape. When the two

ends are together the sampler 1s removed and the contents emptled 1nto a

sultable Container. Th1s type of sampler glves about 1,4 l of sample. A van

Dorn sampler or equlvalent 1s used to collect dlscrete samples at selected

depths.

Samples for algal cell counts are preserved wlth l ml of Lugol's solutlon

(Weber, 1968) per 100 ml of sample and stored 1n the dark. Samples for
Chlorophyll a, ATP and other cellular constltuents should be stored äs close to

fleld condltlons äs posslble and analysed wlthln 6 hours. Dependlng upon

phytoplankton denslty, between 100 ml and l l of sample 1s needed for cell

counts, and samples of up to 3 l are requlred for each of the other analyses.

2.1.3 Phytoplankton cell enumeratlon - Inverted mlcroscope method - 2000001

Scope

In many Instances a knowledge of the groups and genera present 1n a

phytoplankton assemblage 1s necessary 1n the study of aquatlc ecosystems. The

Impact of abundant growth of algae on water quallty and aesthetlc
characterlstlcs of an Impoundment 1s often dependent upon the spedes present,

partlcularly upon whether the dominant forms are green algae (Chlorophyta) or

blue-green algae (Cyanophyta). The Inverted mlcroscope method allows
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quantitative numerlcal assessment of phytoplankton composltlon from a wlde

ränge of densltles and 1s appUcable for all phytoplankton of greater than

5 v"i 1n slze.

Summary of Hethod

An aliquot of preserved sample 1s poured 1nto a sultable slzed chamber and the

algae allowed to settle onto a cover glass whlch forms the bottom of the

chamber (Utermöhl, 1958; Lund, Kipling and Le Cren, 1958). The chamber 1s then

carefully placed on an Inverted mlcroscope and examlned from below. Th1s

procedure allows the use of high power objectives wlthout dlsturbance of the

settled cells. Countlng 1s alded by a gratlcule placed 1n the eyeplece.

Interferences

Interferences can be caused by obscurlng of the cells by very large populatlons

of Zooplankton or high sedlment/detrltus concentratlons. Thorough cleanlng of

sample bottles and Sedimentation chambers 1s necessary to avold carry-over of

cells to the next sample. Underestimates of cell numbers may occur due to

adherence of algal cells to Sedimentation chamber walls. Problems may also be

encountered when the phytoplankton populatlon 1s domlnated by loosely packed

colonlal forms (e.g. H1crocyst1s aeruglnosa).

Apparatus

(1) An Inverted mlcroscope (Zelss Invertoscope D or equlvalent).

(11) An ocular mlcrometer gratlcule (Whlpple grld or equlvalent).

(111) Plankton Sedimentation chambers wlth cover glasses and replacement base

cover glass. A ränge of cell volumes of 5, 10 and 25 mi 1s advlsable

and compound chambers up to 100 ml may be requlred for low denslty

populatlons (Zelss Invertoscope chambers or equlvalent).

Reagents

Lugol's 1od1ne preservatlve solutlon: 15 g 1od1ne crystals and 50 g potasslum

1od1de are dlssolved In 50 m4 gladal acetlc add. D1st1lled water 1s then

added to make the volume up to 500 ml. One m1H1l1tre of thls solutlon 1s

added per 100 ml of sample and the samples are stored 1n the dark. Th1s

preservatlve 1s effectlve for at least one year (Weber, 1968).

Analysls

(1) Prior to analysis the ocular Whlpple grld 1s callbrated agalnst a stage

mlcrometer at the various magnlfIcatlons to be used. The areas covered by

a countlng square are calculated. The area of the base of the

Sedimentation chamber 1s also calculated.
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(11) Dependlng upon the phytoplankton denslty a sultable volume chamber 1s

selected. The preserved sample 1s then shaken very well but not

vlgorously, and the chamber filled. The chamber 1s then covered wlth a

cover glass (to avold contamlnatlon or evaporatlon) and left on a flat

surface to settle. Three hours per centlmetre depth should be allowed for

settUng of the algae. For a Standard 10 ml Zelss chamber the mlnlmum
settUng tlme 1s 6 h. If extended settUng times are needed, the chambers
should be placed 1n the dark. Dense populatlons may be dlluted wlth

d1st1lled water, shaken well (but not over vlgorously äs thls may cause
colony breakdown or cell damage) and an aliquot added to the chamber.
H1th sample volumes of 20 ml and 100 ml 1n compound chambers, the

excess water 1s carefully slphoned off so äs not to dlsturb the settled

algae, and the Sedimentation tube removed. If the phytoplankton

Population 1s very sparse, large volumes (500 ml to 2 l) may be
settled 1n plastlc measuring cyllnders fitted with small taps about 2 cm
from the base through whlch the excess water can be drained after

settling. The algae are then resuspended in the remainlng water and
decanted into a sultable volume Sedimentation chamber for resettUng and
analysls. When filling Sedimentation chambers, care must be taken to
avold air bubbles adhering to the side of the chambers.

Avold storing the chambers during settling 1n places with large
temperature fluctuations, äs convection currents set up under such
conditlons will affect uniform settUng of the cells.

The Sedimentation chamber 1s placed onto the inverted microscope stage and
checked for uniform settling using low power magnification. If settUng
1s uneven the cells should be resuspended and resettled. If the sample 1s

unlformly settled, select a magnification of X200-300 and count and

1dent1fy algae 1n randomly selected grid fields. At least 20 fields

should be counted if there are high numbers of algae, more 1f the
Population 1s less dense (so äs to at least achleve a count of 100 for the
dominant phytoplankton). Count all cells wholely wlthln the grid. Where

cells I1e on the edge of the outer square, count those on the upper and
rlght hand "count" edges but not those on the lower and left hand
"no-count" edges. Any cells on the "no-count" edges should not be
counted, even 1f 90%t of the cell 1s within the counting square.

When counting fllamentous algae, count the number of cells of the filament

wholely within the grid or on the "count" edges. S1m1larly for colonial
forms. If the colony 1s a small tlghtly compact form of a known number of

cells, then all colonies within the square or on the "count" edges are
recorded and multiplied by the cell number, and all colonies on the
"no-count" edges are disregarded even 1f there are cells wholely within
the grid. If the colonial forms present are loosely packed and of

variable cell number (e.g. Microcystis aeruglnosa). then the number of

cells within the grid on "count" edges are talHed. If the number of
colonies 1s very high then dilution 1s recommended äs cell number to
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colony slze 1s extremely variable, although Reynolds (1973) was able to
produce approxlmate estlmates of M1crocyst1s aeruglnosa uslng a derlved

relatlonshlp between cell number and colony average dlameter.

Calculatlons

Calculate cell numbers of 1nd1v1dual spedes, genera or groups uslng the

followlng formula:

-1 T x as
Ce11s "*" - tf x af x V x cp

where

T = Number of cells of spedes, genus or group counted

a = Area of the Sedimentation chamber base (mm )

tf = Number of squares that were counted
2

a, = Area of a countlng square (mm )

V = Volume of sample used

c = Correctlon factor for addltlon of preservatlve

(The addltlon of Lugol's 1od1ne preservatlve 1s not usually corrected

for. Some other preservatlves requlre the addltlon of large volumes,

however, whlch must be corrected for).

Where concentratlon or dllutlon procedures have been employed the results must

be corrected by the approprlate factor.

Comments

(1) Sedimentation chambers should be rlnsed well wlth dlstilled water prlor to

detergent washlng, to avold posslble preclpltation of an 1od1ne complex

whlch may be dlfflcult to remove.

(11) Cell counts can glve a dlstorted Impression of the relative contrlbutlon

of varlous spedes or genera of phytoplankton blomass, as a wlde ränge of

cell volumes per cell 1s encountered amongst phytoplankton (e.g. a
3

Chlorella vulgarls cell may occupy 200 ym , a Scenedesmus quadrlcauda
3 3cell l 000 ym and an Anabaena f los-aquae colony 80 000 ym ;

Vollenwelder, 1974).

A method used by the Hydrologlcal Research Institute glves results of relative

contrlbutlon of phytoplankton to the blomass. The method uses the estlmatlon

of the percentage area covered 1n each square by the phytoplankton 1n relatlon

to all the phytoplankton present. Mudlaglnous materlal of some colonlal forms

and fllamentous algae are Included 1n the estlmation of area covered. The

average percentage "phytoplankton cover" from the number of squares examlned 1s

taken to 1nd1cate percentage contrlbutlon to phytoplankton blomass.

_
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Alternatlvely converslon of cell numbers to volume cells occupled uslng the
—̂-•

calculated cell volumes for phytoplankton publlshed by Nauwerk (1963),

Vollenwelder (1974) and others may be tested.

2.1.4 Seston dry welght - 2010001

Scope

The seston of an Impoundment 1s the total suspended matter. It Includes dead
and allve phyto- and zoö-plankton, suspended sollds and detrltus. The amount
of seston present Influences the optlcal propertles and ecology of the aquatlc
envlronment.

Summarv of method

A known volume of water 1s passed through a prewelghed glass-flbre fllter and
the retalned matter and fllter are drled at 105°C. The Increase 1n welght upon
rewelghlng 1s a measure of the seston dry welght.

Interferences

Very small partlcles such äs nanoplankton may be lost durlng vacuum
flltratlon. Th1s can be mlnlmlzed by uslng the mlnlmum of suctlon pressure.
H1gh suctlon pressures can also cause cell dlsruptlon wlth consequent loss of
cell contents from some fragile organlsms. Thorough cleanlng of sample bottles
1s necessary to avold carry-over of cells to the next sample. The drylng

temperature of 105°C may result 1n the loss of some volatlle cell components
wlth the consequent underestlmatlon of seston mass.

Apparatus

(1) Sood quallty glass-flbre fllters (Whatman GF/C grade or equlvalent), 47 mm
dlameter.

(11) Filter apparatus conslsting of l i capadty stalnless steel fllter
funnels and recelvlng flasks (e.g. M1ll1pore or equlvalent).
Alternatlvely a 3 or 6 place manlfold wlth 1 l stalnless steel filter
funnels connected to a 10 or 15 l collectlng reservolr.

(111) Source of vacuum elther a water-asplrator, a hand held pump or an
electrlc pump. If the manlfold and reservolr 1s used an electrlc pump 1s
needed.

(1v) Good quallty balance capable of welghlng to at least 0,1 mg.

(v) Drylng oven, thermostatically controlled, capable of ma1nta1n1ng a
temperature of 105°C +. 1°C.

(v1) Deslccator, smooth tlpped stalnless steel forceps and graduated cyllnders.
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Analysls

„
(1) Samples should be analysed äs soon after collectlon äs posslble. If an

extended delay 1s expected l l samples can be preserved wlth l ml of a

55 g l" aqueous solution of HgCl. (Greeson et al_. 1977). Preserved

samples should still be analysed wlthln 7 d.

(11) Prior to analysls the glass-flbre fllters are numbered wlth a graphlte
pendl and then left to soak 1n d1st1lled water overnlght. About
100 fllters are soaked 1n l l of water. After soaklng, the fllters are
removed and the excess water drawn off uslng the fllter apparatus. The
filters are then drled at 105°C for two hours prlor to storage 1n a

desiccator contalnlng s1!1ca gel. Before analysls beglns cool dry fllters

are welghed to the nearest 0,1 mg.

(111) Place a prewelghed fUter on the flltratlon apparatus. Ilse smooth tlpped

forceps 1n Order to avold damage and loss of flbres from the fllter.

Shake the sample well but not vlgorously and fllter a known volume of

sample. The volume of sample flltered will depend upon the amount of
suspended matter present. Hater wlth very high suspended matter will
only requlre 100 to 500 ml for flltratlon whlle clear waters may requlre
up to 3 l or more. The vacuum pressure should not exceed 46,5 kPa

(about 360 mm Hg) (Greeson e_t al_. 1977). After fllterlng the sample, and
wlth the vacuum still on, wash the sldes of the funnel wlth 10 to 20 ml
d1st1lled water and allow the fllter to be sucked "dry" of excess water.

Switch off the vacuum and allow the System to return to room pressure.

(1v) Remove the fUter uslng smooth tlpped forceps and place 1n the oven at

105°C for 2 h. Include a control through whlch a slmllar volume of

d1st1lled water äs that of samples has been flltered.

(v) After drylng remove the fllters and allow to cool 1n a desiccator.
Rewelgh the fllters to the nearest 0,1 mg.

Calculatlons

Calculate the Seston dry welght äs follows:

Dry welght (mg l"1) = Wfs " Wf

where

Wfs = Welght of fllter plus suspended matter

Wf = Welght of fllter prlor to flltratlon

V = Volume of sample fUtered (1n lltres).

Should the control fllters show a welght change the results must be corrected

accordlngly. Good quallty fllters should not glve blank correctlons of greater

than + 0,2 mg.
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2.1.5 Chlorophyll a - Spectrophotometrlc method - 2020001
^

Scope

Chlorophyll a 1s the prlmary photosynthetlc plgment and 1s present 1n all

algae. The determlnatlon of Chlorophyll a 1s used to glve an estlmatlon of the

phytoplankton blomass present. Chlorophyll a constltutes an average 1% to 2%

of algal dry weight (APHA, 1980) although the ränge 1s 0,1% to 9,7% fresh

welght (Nlcholls and Dillon, 1978). The higher values are rare and maxlma are

more frequently In the order of 3% to 4% of fresh welght (Tolstoy, 1977). The

ratlo of the degradatlon products, the phaeoplgments, to Chlorophyll a glves an

1nd1cat1on of the physlologlcal state of the algae.

Summary of method

The photosynthetlc plgments are extracted from the algae, whlch have been

entrapped on a glass-flbre fllter, uslng bolUng 90% ethanol. The

concentration of Chlorophyll a and phaeoplgments are determlned by measurlng

the absorbance, before and after addlf1cat1on of the extract, at 665,5 nm

agalnst a 90% ethanol blank. Ethanol has been shown to be a more superlor

extractlon agent than acetone or dimethyl sulphoxlde (DHSO) (Sartory, 1982;

Sartory and Grobbelaar 1984).

Interferences

Extracts should be centrlfuged prlor to spectrophotometry äs suspended

particles Interfere wlth absorbance measurements. Overestimatlon of

phytoplankton Chlorophyll will occur 1f large populatlons of photosynthetlc

bacterla are present (Hussalng, 1973). The presence of carotenoids will also

Interfere wlth Chlorophyll a determlnatlons (Sartory, 1982).

Apparatus
~

(1) Spectrophotometer, wlth narrow band pass (l to 2 nm) allowlng absorbance

readlngs to 0,001 absorbance unlts 1n the vlslble ränge. Hatched cuvettes

of 10 mm light pathlength should be used. Spectrophotometers fitted wlth

grld monochromators are preferred and wavelength settlngs should be

regularly checked by callbratlon on the hydrogen line at 656,3 nm

(Sartory, 1982).

(11) Centrlfuge fitted wlth a swing-out head capable of holdlng 15 ml tubes

and of speeds of 3 000 to 4 000 rpm.

(111) Filter apparatus conslstlng of l i capaclty stainless steel filter

funnels and recelving flasks (e.g. Mlllipore or equivalent).

Alternatively a 3 to 6 place manlfold wlth l 9. stainless steel fllter

funnels connected to a 10 or 15 l collectlng reservolr.

~
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(1v) Source of vacuum - either a water-aspirator, a hand-held pump or an
electric pump. If the manlfold and reservolr are used an electric pump 1s

needed.

(v) Good quallty glass-fibre filters (Whatman GF/C grade or equivalent), 47 mm
dlameter.

(v1) 15 ml centrlfuge tubes and 15 ml screw capped glass tubes.

(vi1) A 100 yl mlcrosyrlnge (Hamllton or equivalent).

(v111) A water bath wlth a thermostatically controlled heater capable of
mainta1n1ng a water temperature of 78°C +_ 1°C.

Reagents

(i) 91,8% aqueous ethanol. Use spectrophotometric grade ethanol and distHled
water.

(11) 0,3 mol l"1 HC1 solutlon.

Analysls

(i) Samples should be analysed äs soon äs possible after collectlon. If there
1s to be an appreclable delay between collectlon and analysls then the
flrst steps (flltratlon and pladng the fllter and plankton In ethanol)

may be carrled out in the fleld. The tubes 1n thls case should be stored
1n the dark In cooler bags (or equivalent) at less than 10°C. Analysls
should be conducted wlthln 48 h.

(11) Place a glass-fibre fllter on the flltratlon apparatus and filter a known

volume of sample. The volume of sample filtered will depend upon the
amount of plankton present. Waters wlth very high algal populations will
requlre only 100 to 500 ml for analysis while clear waters may require
up to 3 l. The vacuum pressure should not exceed 68 kPa (about 500 mm

Hg) (Sartory, 1982). After filtering the sample, and with the vacuum
still on, rinse the sides of the filter funnel with 10 to 20ml
distllled water and allow the fUter to be sucked "dry" of excess water.
Release the vacuum and allow the System to return to room pressure.

(111) Carefully remove the filter with forceps without damaging the fllter.
Loosely roll the filter up with the entrapped algae on the inside. Take

care not to remove any of the algae wlth your fingers. Place the rolled

fllter in a 15 ml screw-capped tube and add 9,8 ml of a 91,8% ethanol

solution. As the filters have been found to retain, on average, 0,2 ml

water the final volume is 10ml of 90% ethanol (Sartory, 1982). Mark

the final volume level so that, should evaporation occur during the next
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step, 1t may be corrected for after coollng. Screw on the tube cap, not

overtlghtly or too loosely, place the tube 1n the water bath at 78°C and

allow the contents to gently boll for 5 min.

(1v) After boillng remove the tube and place in the dark at room temperature

for l h to cool and allow extractlon to be completed. After l h add

addltlonal 90% ethanol, should any loss have occurred durlng the bolUng,

and Invert the tube a few times to ensure homogenelty. Decant the extract
1nto a centMfuge tube and centMfuge at 4000 rpm for 10 min.

(v) Decant 4 ml 1nto a 10 mm pathlength cuvette and read the absorbance at
665,5 nm and 750 nm (turbldlty blank). These readlngs are E,,,! and
E7501' Ac1d1fy the extract 1n the cuvette wlth 100 yl of a
0,3 mol l" HC1 solutlon, mix the contents and allow to stand for

2 min. Reread the absorbance at 665,5 nm and 750 nm. These readlngs are
E6652 and E,,.„2. The Initial E,,5 readlngs should be wlthln the
ränge 0,1 to 0,8 absorbance unlts. If the E,&5 readlng 1s greater than

0,8 absorbance unlts, dllute the extract so that 1t falls wlthln the 0,1
to 0,8 absorbance unlts ränge.

Calculatlons

(1) Subtract the E,,Q readlngs front thelr respectlve E,,, readlngs:

E6651 ~ E7501 = E665b (1'e' b-6*01"6 addlf 1cat1on)
E6652 E7502 = E665a (1'e' ifter acldlf1cat1on)

(11) Uslng the followlng equatlons (Lorenzen, 1967) calculate the Chlorophyll a_

and phaeoplgment concentratlons 1n the extract.

Chlorophyll a (mg ) = - - j _ x _

1 (R [E665a^ " E665b) x(R/R-1) x kphaeopigments (mg r,

where
E,,cb = absorbance at 665,5 nm before add1f1cat1on (corrected forboa

absorbance at 750 nm)
E,,ta = absorbance at 665,5 nm after addlf1cat1on (corrected forbot)

absorbance at 750 nm)
R = add ratlo (maxlmum ratlo at E&65b: E,,5a, I.e. for an extract

contalnlng no phaeoplgments)

K = absorbance coefflclent of Chlorophyll a 1n 90% ethanol
(= 1 000 x redprocal of the speclflc absorptlon coefflclent)

L = Pathlength of cuvette 1n centlmetres (= 1 cm).

^
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The acid ratlo "R" for Chlorophyll a 1n ethanol 1s 1,72 (Sartory. 1982) and the

speclflc absorptlon coefflclent 1s 83,4 i g' cm" (Wintermans and de

Mots, 1965), glvlng an absorbance coeffldent "k" of 11,99. Thus the above

equation may be slmpllfied to:

Chlorophyll a (mg l"1) = (E66$b - E&65a) x 28,66

Phaeopigments (mg l'1) = (1,72 [E&65a] - E665b) x 28,66

The concentrations of Chlorophyll a and phaeopigments in the original sample

are calculated äs follows:

plgment concentratlon (vg/l~ ) = c * v

where
_1

PC = pigment concentratlon 1n the extract 1n mg i

v = volume of extract 1n mllimtres (1n thls case 10 ml)

V = volume of original sample 1n Utres.
„

Report results to the flrst declmal place 1n yg i~ sample.

Values of less than l vg l~ should be reported äs "<1 yg l' ".

2.1.6 Chlorophyllous plgments - Liquid chromatography method - 2020002

Scope

The ränge of Chlorophyllous plgment present 1s determlned by the genera of

algae present. The ratlos between Chlorophylls a_ and b_ may glve Information on

the taxonomic composition of the phytoplankton populatlon. W1th the Increased

awareness of Problems In spectrophotometric determlnations due to carotenold

Interference (Riemann, 1978) and degradatlon products (Sartory, 1982) the use

of high Performance liquid chromatography (HPLC) 1s belng increaslngly

recommended. HPLC methods allow a detalled investlgatlon of plgment complexes.

Summary of method

The photosynthetic plgments are extracted from the algae and the carotenolds

separated. The pigments are then chromatographed on a Cno reverse-phase HPLC
l o

column uslng a methanol-acetone-water solvent System and are detected uslng a

fluorometer. Quantif ication 1s by comparlson with authentic Standards. Th1s

method allows quantlf 1cat1on of Chlorophyll a, Chlorophyll b, phaeophytln a and

phaeophytln b.

Interferences

Thls method el1m1nates Interference problems encountered 1n spectrophotometry,

due to the presence of carotenolds, bacteriochlorophylls, etc. (Sartory, 1985).
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Apparatus

(1) HPLC System with a binary solvent System capable of gradient solvent

programmes and fitted with a 10 »l sample loop and loading syringe.

(ii) A 15 cm x 3,9 mm Resolve C18 5 pm particle reverse phase HPLC column
(Waters Associates).

(iii) Filter fluorometer for HPLC. The excitation filters are a WBS 410

(International Light) and a Corning CS4-76 providing an excitation

bandpass of 350 to 550 nm with \ at 430 nm. The emission filter is
Nid X

a single SCS 610 filter (International Light) allowing transmission of
light above 600 nm.

(iv) Single-pen l mV/Füll scale Recorder and an integrator/computing facility.

(v) Filtration apparatus consisting of l S. capacity stainless steel filter
funnels (e.g. Millipore or equivalent). Alternatively a 3 or 6 place

manifold with l l stainless steel filter funnels connected to a 10 or
15 l collecting reservoir.

(vi) A source of vacuum - either a water aspirator, a hand held pump or an

electric pump. If the manifold and reservoir are used an electric pump is

needed.

(vii) A water bath with a thermostatically controlled heater capable of
maintaining a water temperature of 78°C .+ 1°C.

(viii) Good quality glass-fibre filters (Whatman GF/C grade or equivalent), 47 mm
diameter.

(ix) Sep-Pak C18 Bondapak cartridges (Waters Associates),

(x) 15 ml screw capped tubes and 20 mi glass syringes.

Reagents

(i) HPLC grade acetone, methanol and ethanol (Merck Chemicals or equivalent).

(ii) "Organic free" water prepared by passing water from a Millipore M i l l i - Q

System (or equivalent) through a Millipore Norganic cartridge followed by
pumping through a 30 cm x 3,9 mm yBondapak C-jg column (Waters
Associates). The "organic free" water should be stored in well sealed

chromic acid washed amber glass bottles.
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(111) From the reagents 1n (1) and (11) prepare the followlng Solutions:

U
(I) 97% Methanol

(II) 97% Acetone

(III) 70% Ethanol

(1v) 91% Ethanol

(v) 90% Methanol

(vi) 100% Methanol

(1v) Pur1f1ed Chlorophyll a and Chlorophyll b Standards (Sigma Chemicals,

product Nos. C-5753 and C-5878). Quantitative stock Solutions are made up

1n 100% acetone and stored at -4°C. Phaeophytlns a and b_ are

quantitatively prepared from their parent Chlorophylls by acidificatlon of
-3 -lacetone Standards to 3 x 10 mol l HC1. After mixing and

standing for 5 min the solutlon 1s neutraHzed with an equivolume of an

equimolar solutlon of NaOH.

v-X (v) Details of how to qualitatively prepare the other alteration products of

Chlorophyll a and b (the C,g eplmers, epimerlc phaeophytlns, hydroxy-
chlorophylls, chlorophyllides and phaeophorbides) are given in Sartory

(1985).

Analysls

(1) Samples should be analysed äs soon äs posslble after collectlon. If there

1s to be an appreclable delay between collectlon and analysls then the

flrst steps (filtration and placing the filters and plankton in ethanol)

may be carried out in the field. The tubes 1n this case should be stored

in the dark in cooler bags (or equlvalent) at less than 10°C. Analysls

should be conducted wlthin 48 h.

(11) Place a glass-fibre filter on the filtratlon apparatus and fllter a known

, volume of sample. The volume of sample filtered will depend upon the

amount of plankton present. Waters wlth very high algal populations will

requlre only 100 to 500 ml for analysls whlle clear waters may require

up to 3 l. The vacuum pressure should not exceed 68 kPa (about 500 mm

Hg) (Sartory, 1982). After filtering the sample, and wlth the vacuum

still on, rinse the sides of the filter funnel with 10 to 20 ml

dlstilled water and allow the fUter to be sucked "dry" of excess water.

Release the vacuum and allow the System to return to room pressure.

(iii) Carefully remove the fllter with forceps without damaglng the filter.

Loosely roll the fllter up wlth the entrapped algae on the inside. Take

care not to remove any of the algae wlth your fingers. Place the rolled

filter In a 15 ml screw-capped tube and add 9,8 ml of a 91,8% ethanol

solutlon. As the filters have been shown to retaln, on average, 0,2 ml

water the final volume 1s 10ml of 90% ethanol (Sartory, 1982). Mark

the final volume level so that, should evaporation occur during the next
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step, 1t may be corrected for after coollng. Screw on the tube cap, not

overtlghtly or too loosely, place the tube in the water bath at 78°C and

allow the contents to gently boll for 5 min.

(1v) After bolUng remove the tube and place In the dark at room temperature

for l h. Should any loss of solvent have occurred, make up the volume to

the mark wlth 90% ethanol. Ensure homogenelty of the solutlon by

inverting the tube a few tlmes.

(v) Oecant the extractant, squeezing the fllter wlth forceps to obtaln äs much

of the extract äs posslble. Ollute the 90% ethanol extract to

approxlrnately 70% ethanol by addlng 3 ml "organlc free" water to 10 ml

extract. Remove the plunger from a 20 ml syrlnge and fit a Sep-Pak

C,„ cartrldge to the syringe body. Flush the cartMdge wlth 20 ml 70%

ethanol and then flush through the extract. The pigments are visibly

retalned 1n the cartridge. Flush 10 ml 90% methanol through the

cartrldge to remove the carotenolds. The chlorophyllous pigments are

eluted off with 10ml 100% methanol, this fraction being collected in a

screw-cap tube. The extract, of which 10 yl is injected, is ready for

chromatography.

(vi) The conditions for HPLC are (Sartory, 1985)

Solvent System: Solvent A = 97% methanol

Solvent B = 97% acetone

Solvent delivery programmed äs 100% Solvent A at 1,0 ml min" for the

flrst 15 min after injection, then a linear gradient to 77% Solvent A:

23% Solvent B (i.e. 75% methanol: 22% acetone: 3% water) at 20 min and

this mix 1s maintained untll the elution of the phaeophytin a peak, after

which the solvent is returned to 100%

Solvent A via a linear gradient of 5 min. An example of a typical

chromatogram is shown 1n Figure 2.1.

(v11) Before analytical runs are conducted at least three calibration runs,

using a mixed Standard containing known concentrations of Chlorophyll a,

Chlorophyll b_, phaeophytin a and phaeophytin b, are made.
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Calculatlons

(1) It 1s preferable to quantlfy the plgments by compaMson of peak areas to

those of the Standards. Th1s however, requlres an Integrator or Computer

fadUtles. If these are not avallable then comparlson of peak helghts

may be used. If the peak areas or helghts exceed the linear ränge of the

system then the sample will have to be dlluted and rerun.

(11) The detectlon I1m1ts are 1n the order of 10 to 20 pg plgment Injected.
Th1s 1s equlvalent to 10 to 20 ng plgment !~ sample.

(111) The concentratlon obtalned from HPLC 1s 1n yg ml extract
(= mg l" ) and the conc«
are calculated äs follows:
(= mg l ) and the concentratlons of plgments 1n the original sample

p
plgment concentratlon (yg l" ) = c * u

where
P = plgment concentratlon 1n extract 1n mg l~
v = volume of extract 1n mlllllitres (= 10 ml)
V = volume of original sample 1n Utres.

2.1.7 Adenoslne trlphosphate - Lumlnescence method - 2030001

Scope

Adenoslne trlphosphate (ATP) 1s found 1n all I1v1ng cells and 1s rapldly
degraded upon death of the cell (Holm-Hansen and Booth, 1966). The amount of
ATP present 1n freshwater algae, bacterla and Zooplankton 1s sald to be

relatlvely constant durlng the exponentlal growth phase (Holm-Hansen, 1970;

1973). ATP 1s, therefore, taken äs an estlmator of total vlable blomass
present. ~

Summary of method

The ATP 1s extracted from plankton, whlch has been entrapped on a filter, uslng
bolUng Tr1s-buffer solutlon. The ATP Content of the extract 1s determlned by
the lumlnescence Output from a chemlcal reactlon 1nvolv1ng ludferln luclferase

(Flrefly lantern extract). The method descMbed 1s a mod1f1cat1on of that of

Holm-Hansen (1973).

Interferences

The use of Tr1s-buffer obvlates Interferences assoclated wlth other extractants
such äs Incomplete extractlon or lumlnescence quenching (Holm-Hansen and Booth,

1966).
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Apparatus

(1) ATP Luminometer (LKB Wallac Model 1250 or equivalent).

(11) Filter apparatus conslstlng of l i capadty stalnless steel filter

funnels and recelving flasks (e.g. Mlllipore or equivalent).

Alternatively a 3 or 6 place manlfold wlth l l stalnless steel fllter

funnels connected to a 10 or 15 l collectlng reservoir.

(111) Source of vacuum - elther a water-asplrator, a hand-held pump or an

electrlc pump. If the manlfold and reservoir are used an electric pump 1s

needed.

(1v) Good quallty 0,45 ym pore size membrane fllters (MllUpore type HA or

equivalent), 47 mm diameter.

(v) A heatlng block capable of ma1nta1n1ng a temperature of 120°C +. 1°C

(Labllne Multlblok Heater Model 2091 or equivalent).

(v1) l 5 ml screw-capped tubes.

(v11) Microplpettor, capable of dellvering 400 yl, wlth dlsposable tlps.

(v111) Smooth tlpped long handled forceps.

(1x) Olsposable cuvettes for lumlnometer.

(x) If lumlnometer 1s not equlpped wlth an automatic reagent dellvering System

a 100 yl syrlnge (Hamllton or equivalent) 1s requlred.

Reagents

(1) Tr1s-buffer, prepared by dlssolvlng 6,06 g trls (hydroxymethyl)-amlno-

methane (Merck Chemicals, Product No. 8382) and 0,372 g ethylenediamine-

tetraacetlc add (dlsodium salt) 1n 400 ml distüled water. The pH 1s

adjusted to 7,75 _* 0,05 using a 50% aqueous acetic add solutlon. The

buffer 1s then made up to 500 ml using dlstllled water and stored for up

to 12 months 1n a ref rlgerator.

(11) Luclferln luclferase (Flrefly lantern extract) reagent (LKB Wallac

Monitoring Reagent or equivalent) stored dehydrated at -18°C. The reagent

should be rehydrated and stored accordlng to the manufacturers

1nstruct1ons.

(111) ATP Standards (Sigma Chemicals, Product No. A6144 or equivalent). Prepare

a set of ATP Standards in Tris-buffer or double distilled, delonlzed water

to glve a set of Solutions of 25, 125, 250, 500 and l 250 ng ml'1.
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After mlxlng 400 yl of Standard wlth 100 yl of monltoMng reagent

these Standards are äquivalent to 20, 100, 200, 400 and l 000 ng

ml . The Solutions are used to prepare a linear callbratlon graph.

ATP lumlnescence 1s Unearly correlated wlth concentratlon over the ränge

l ng l~ to l mg l~ . Standards should be prepared dally.

Analysls

(1) Samples should be analysed äs soon äs posslble after collectlon. If there
1s to be a delay between sample collectlon and analysls then the samples

may be flltered, placed 1n 50 mm petrl dlshes wlth tlghtly flttlng Hds

(MllUpore PD10 047 00 or equlvalent) and frozen 1mmed1ately. Frozen
fllters may be stored for up to 3 months. Frozen fUters must not be
allowed to thaw prlor to extractlon but plunged 1mmed1ately 1nto the
bolUng extractlng agent.

(11) Place a membrane fUter on the flltratlon apparatus and fUter a known
volume of sample. The volume flltered will depend upon the amount of
plankton present. Analysls of samples from eutrophlc Impoundments rieh 1n
phytoplankton will requlre between 5 and 30ml, mesotrophlc waters up to

200 ml, whlle for clear waters between 500 ml and l l needs to be
flltered. The vacuum pressure should not exceed 33 kPa (about 250 mm Hg)
(Greeson et al_. 1977). Before the last of the water has been drawn
through, the vacuum source 1s turned off and the remalnlng water allowed

to draln. The fllter 1s then removed and elther frozen Immedlately for
later analysls or extracted and analysed Immedlately.

(111) The fllter 1s loosely rolled up and plunged 1nto 4,8 ml bolUng

Tr1s-buffer (pH 7,75) 1n screw-capped tubes held at 120°C. As the fUters
are not sucked dry an average 0,2 ml 1s allowed for the residual water,
maklng the final extractlon volume 5 ml. The fllters are bolled at
120°C for 3 min. After extractlon the tubes are removed from the heatlng

block and allowed to stand for 4 h at room temperature to cool.

(1v) 400 yl of the extract 1s placed 1n a lumlnometer cuvette and
100 yl monltorlng agent added and mlxed by gentle swirling for 5 s.

The sample 1s placed 1n the lumlnometer and the maxlmum lumlnescence 1s

recorded. Readlngs are corrected by the subtractlon of a blank readlng of
a 5 ml trls-buffer extract of a control fllter. ATP Standards should be
rerun after every 20 samples. These should be kept on 1ce durlng the day

but warmed to room temperature prlor to analysls.
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Calculatlons

From the lumlnescence output of the ATP Standards prepare a callbration graph
and derlve a linear regresslon equatlon. Front thls calculate the ATP
concentrations 1n the extracts based on thelr luminescence Output. The ATP
concentratlon of the extract will be 1n ng ml~ extract. Calculate the ATP

concentratlon 1n the original sample äs follows:

, ATP x v
ATP (ng l"1) = ^

where
ATP = concentrated ATP 1n extract 1n ng ml~

v = volume of extract 1n mllimtres (= 5 ml)

V = volume of original sample 1n lltres.

Report results above 0,10 vg l" to the nearest 0,01 ng and results
between l ng and 100 ng to the nearest l ng. Values of less than l ng l~
should be reported äs "< l ng l" ".

^
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2.2 BACTERIOLOGICAL SAHPLING AND ANALYTICAL HETHODS

2.2.1 Choice of sampling slte

(1) Bacterlological sampling of Impoundments

Similarly for bacterlologlcal Investigations of Impoundments the
Investigator should not only be aware of major point sources (e.g. sewage

works effluent) but also look out for watering places for cattle and other

sources of pathogenlc bacteria (e.g. dumped carcasses).

(i i) Bacteriologlcal sampling of rlvers and streams

Sampling of rivers and streams for bacterlologlcal analysis requlres a
different approach from that of Impoundments. Small streams are generally
sampled for background levels and should be sampled dose to the stream

confluence w1th a rlver. Care should be taken on the selectlon of stream

sampling sltes so äs to avoid the posslbllity of collecting from

stagnating areas or a point where water from the rlver may have been
pushed up. Should there be one, a welr 1s a sultable slte, but care must

be taken 1n Interpretlng the results 1f there has been no over-the-wall-
flow for an extended period.

Before sampling a rlver 1t 1s advlsable to galn an Impression of the flow
patterns and mlxlng areas. Point dlscharges may not mix well wlth the
maln body of the rlver for long distances downstream, and 1t 1s generally

advlsable to take a serles of samples transectlng the rlver when sampling
downstream of a dlscharge. Samples taken with the aim of appraising the
general bacteriologlcal quality should be taken from a mid-stream

Position, which is often not the m1d-point of a river. Avoid taking

samples from the Inside bank of a bend in a rlver äs the flow at this
point is much slower and the quality may not be representatlve of that of
the main channel, which will be sltuated nearer the outside edge. When
sampling dlscharges from an impoundment, establlsh whether the impoundment

1s stratified or not, and if 1t is, whether the discharge 1s hypolimnetic
or epilimnetic. The anaerobic hypolimentlc water will often contain
higher numbers of some bacteria (e.g. Escherichia coli, Clostridium
perfringens) than the aerobic epHimnetic waters.

2.2.2 Bacterlologlcal sampling methods

(i) Environmental and effluent samples.

The majority of bacteriological samples from raw and waste water are grab
samples. Sample bottles are cleaned, loosely capped, and sterilized prior
to sampling by autoclavlng for 20 min at 121°C at a pressure of 103,4 kPa

(15 psi). The bottle caps should be tightened after sterilization. At
the sampling point the bottle is held at its base and the cap removed in
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such a fasMon so äs to ensure that the Interlor surface of the cap 1s not

touched. The bottle 1s then plunged neck down 1nto the rlver to a depth
of approximately 200 to 300 mm and then tllted up so the neck of the

bottle faces the flow of rlver. If there 1s no flow, then the bottle 1s
moved forward so äs to f1ll the bottle, and have any flow pass the neck of
the bottle and then the samplers hand thereby preventlng contamlnatlon of
the sample. After collectlon of the sample and before capping, ensure

that there 1s an a1r space at the top of the bottle. Thls fadlltates
mlxlng of the sample prlor to analysls. Samples should be analysed äs

soon äs posslble after collectlon and should be kept below 10°C, but not
frozen, durlng transportatlon to the laboratory (SABS, 1984).

Uncooled samples must be analysed wlthln 6 h and cooled samples analysed
wlthln 24 h (SABS, 1984). Dlscrete depth related samples may be collected
using a Zobel! J-Z Sampler (Zobell, 1941) or equlvalent.

(11) Dr1nk1ng water samples

^
The preparatlon of sample bottles for the sampling of drlnklng water
suppHes 1s the same äs above. If, however, the supply 1s chlorlnated 1t
1s necessary to add a dechlorlnatlng agent to the bottle. The
dechlorlnating agent employed 1s a 100 g S.~ solutlon of sodlum
thlosulphate, of whlch 0,1 ml 1s added for every 100 mS. sample volume
collected. The dechlorinatlng agent 1s added to the sample bottles prlor
to sterlUzatlon. Th1s procedure should also be followed when chlorlnated

effluents are sampled. Prior to sampling from a tap, the tap should be
turned on and the water allowed to flush out for at least 2 min (SABS,

1984). Should the tap be sltuated at the end of a long distributlon plpe
whlch has not been run for a long tlme, or from a deep borehole, an

extended flushing tlme will be requlred. After the plpe has been
flushed of standlng water, the tap 1s adjusted to allow a gentle flow and
the sample bottle fllled and stored äs outHned above. Avold taklng

samples from encrusted or badly corroded taps. Residual chlorlne
measurements (e.g. by the DPD Palln test) should be made at the tlme of
collectlon of the sample. At least 120 ml of sample 1s requlred for
bacterlologlcal testlng of drlnklng water.

2.2.3 Total collform bacterla - Membrane filter method - 1000001

Scope

The total collform test glves an 1nd1cat1on of the sanltary qualHy of water.

The test 1s prlmarlly appHed to drlnklng water supplles but may be applled to
freshwater and bracklsh water Systems. The total collform bacterla are deflned

äs aeroblc or facultative anaeroblc gram-negative asporogenous rod-shaped

bacterla whlch ferment lactose wlth gas formatlon wlthln 24 h at 35°C. The

prlndpal genera covered by this deflnitlon are Escherlchla. Klebslella.

Enterobacter and Cltrobacter. In sanltary mlcroblology 1t has become
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increaslngly acceptable to deflne total collform bacterla äs all those bacteria

whlch produce colonles wlth a golden-green metallic sheen within 24 h when

incubated at 35°C on m-Endo medium. For the purposes of thls method, this

second definltion 1s Implied when the term total collform 1s used. Apart from

encompasslng the genera of bacterla Hsted above thls deflnltlon also allows

the 1nclus1on of some stralns of Aeromonas hydrophila whlch, although not a

collform äs dellneated In the flrst deflnltlon, 1s of health slgnlficance and
whose posslble presence is of concern.

Summary of method

A water sample 1s filtered through a membrane fllter upon whlch bacterla are
entrapped. The fllter 1s then placed on a selective growth medium and
Incubated at 35°C for 24 h, after whlch colonles characteristlc of collforms

are counted.

Interferences

H1gh sedlment load may lead to poor growth of colonles. High numbers of some

non-col1form bacterla have been reported to 1nh1b1t collform colony formatlon
(Burlingame et al. 1984).

Apparatus

(1) Incubator capable of malntalnlng a temperature of 35°C ± 0,5°C.

(11) Filtration apparatus, sterile, preferably Hydrosol type (MilUpore or

equlvalent) and source of vacuum.

(111) Sterile, white, grldded, 47 mm dlameter membrane fUters, elther 0,45 pm

pore-size (Hilllpore type HAWG or equivalent) or 0,7 vm pore-size
(MilUpore HCW6 or equivalent) and sterile absorbent pads (MilUpore

AP 10 047 or equivalent).

(iv) 50 mm x 12 mm plastic petri dishes with tightly fittlng lids, sterile

(Mlllipore PD10 047 or equivalent).

(v) Smooth tipped forceps.

(vi) Selection of sterile 10 ml and l ml pipettes.

Reagents

(1) m--Endo broth (Fifield and Schauffus, 1958): Thls medium may be obtained

commercially (e.g. Difco product No. 0749 or equivalent) and reconstituted
according to manufacturers Instructions or prepared äs follows:

~
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Yeast extract 1 , 5 g

Casitone (or Trypticase) 5,0 g

Thlopeptone (or Thiotone) 5,0 g

Tryptose (or Polypeptone) 10,0 g

Lactose 12,5 g

Sodium Chloride 5,0 g

D1potass1um hydrogen phosphate 4,375 g
Potasslum dlhydrogen phosphate 1,375 g

Sodium lauryl sulphate 0,05 g

Sodium desoxycholate 0,1 g

Sodium sulphlte 2,1 g

Basic fuchsln l,05 g

Suspend the Ingredients In l 8. distilled water contalnlng 20 mS.

ethanol. Bring to the boll, stlrrlng to a1d dlssolution and allow to

cool. The final pH should be 7,2 ± 0,1. The cooled medlum should be used

on the day of preparation but may be stored In a capped flask 1n the

refrlgerator for up to 3 d.

Some bacterlologlsts prefer to use an agar medlum äs there are Claims that

absorbent pads may contaln Inhlbltory substances (Dutka, 1978). The agar

medlum may be prepared by addlng 15 g agar per litre of the above medlum

before boH1ng. After heating to bolllng point the medlum 1s cooled to

about 45°C and dlspensed 1nto 50 mm dlameter petri-dishes to a depth of

about 2,5 mm and allowed to solldlfy. Agar plates may be stored 1n the

refrlgerator for up to 2 weeks.

(11) Rlnger's dllutlon solutlon (quarter strength) may be obtained commerdally

(e.g. Oxold product No. BR52 or equlvalent) and reconstltuted accordlng to

manufacturers Instructlons or prepared by dlssolvlng the followlng

constltuents in l 8. distilled water:

Sodium Chloride 2,25 g

Potassium Chloride 0,105 g

Calcium Chloride 0,12 g

Sodium bicarbonate 0,05 g

The solution is dispensed in 99, 90 and 9 ml allquots into dilution

bottles and sterilized by autoclaving at 121°C for 20 min.

Analysis

(i) If m- Endo broth is being used, prepare the petri dishes prior to analysis

by aseptically placing an absorbent pad into each petri dish (using either

a dispenser (e.g. Millipore XX62 00014) or flame sterilized forceps.

(Sterilize forceps by dipping the tips in ethanol, passing them through a
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flame and allowing the ethanol to burn off). To each pad plpette 2,0 mi
m-F.ndo broth, allow the medlum to soak into the absorbent pad for 5 min
and then drain off the excess medium.

(11) The volume of sample, or dilution thereof, flltered will depend upon the
source of the sample. Suggested sample volumes (and dllutlons) are:

Water Source
Volume filtered (mi)

100 50 10 l* 0,1* 0,01* 0,001* 0,0001*

Domestic supply X

Groundwater supply X

Impoundments X

R1ver water

Polluted small river

Chlorinated sewage

Unchlorinated sewage

X X

X X

X X

X

X

X

X

X

X

X

X X

X

X X X

-~

*Do not attempt to fllter volumes of less than 10 ml dlrectly. Prepare

the lower filtration volumes uslng quarter strength Rlnger's dilution

solution äs follows:

Sample
flltration
volume

1 ml

0,1 ml

0,01 ml

0,001 ml

0,0001 ml

Sample volume t

1 ml

1 ml

10 ml of Dilution A

1 ml of Dilution A

10 ml of Dilution B

diluent volume

9 ml
99 ml (= Dilution A)

90 ml

99 ml (= Dilution B)
90 ml

Volume of
dilution
filtered

10 ml

10 ml

10 ml

10 ml

10 ml

Before filtering a sample or dilution, and during the preparatlon of the

dilutions, shake the bottle or tube vigorously to ensure homogeneous

distribution of the bacterial cells.

(111) Assemble the filtration apparatus and, using flame sterilized forceps

place a membrane fllter, grid side up, on the apparatus. Filter the

desired volume of sample or dilution. After filtration, and with the

vdcuum s t i l l on, rinse the sides of the filter funnel with 10 to 20 ml

sterile quarter slrength Rlnger's solution, allowing the rinsings to pass

through the filier. Switch off the source of vacuum and taking care not

to damage the membrane remove the filter using flame sterilized forceps.
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Interferences

^

High sedlment loads may lead to poor growth of colonles.

Apparatus

(1) Incubator capable of maintaining a temperature of 44,5°C +_ 0,2°C.

(11) Filtration apparatus, sterile, preferably Hydrosol type (Mlllipore or

equlvalent) and source of vacuum.

(111) Sterile, whlte, grldded, 47 mm dlameter membrane fllters, elther 0,45 ym

pore-slze (Mlllipore type HAWG or equlvalent) or 0,7 vm pore-slze

(Hllllpore type HCWG or equlvalent) and sterile absorbent pads (Mlllipore

AP10 047 or equlvalent).

(1v) 50 mm x 12 mm plastlc petrl dlshes, wlth tlghtly flttlng llds, sterile

(Millipore PD10 047 or equlvalent).

(v) Smooth tipped forceps.

(vi) Selectlon of sterile 10 ml and l l pipettes.

Reagents

(1) m-FC broth without rosolic acld (Presswood and Strong 1978; Sartory,

1980); m-FC(-RA) broth.

Th1s medlum may be obtalned commerclally (e.g Difco m-FC broth base,

product No. 0883 or equlvalent) and reconstltuted accordlng to

manufacturers Instructlons or prepared äs follows:

Yeast extract 3,0 g

Tryptose (or Blosate peptone) 10,0 g

Proteose peptone No. 3 (or Polypeptone) 5,0 g

Lactose 12,5 g

B1le salts No. 3 (or Bile salts mlxture) 1,5 g

Sodlum Chloride 5,0 g

Aniline blue 0,1 g

Suspend the ingredients 1n l i distilled water. Bring to the boll,

stlrring to a1d dissolutlon and allow to cool. The final pH should be

7,4 +_ 0,2. The cooled medium should be used on the day of preparatlon but

may be stored In a capped flask in a refrigerator for up to 3 d.

Some bacteriologists prefer to use an agar medium äs there are Claims that

absorbent pads may contain inhibitory substances (Dutka, 1978). The agar

medium may be prepared by adding 15 g agar per litre of the above medium
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before boiling. After heating to boiling point the medium is cooled to

(i about 45°C and dispensed into 50 mm diameter petri dishes to a depth of

about 2,5 mm and allowed to solidify. Agar plates may be stored in the

refrigerator for up to 2 weeks.

(ii) Ringer's dilution solution (quarler strength) may be obtained commercially

(e.g. Oxoid product No. BR52 or equivalent) and reconstituted according to

manufacturers instructions or prepared by dissolving the following

constituents in l 8, d i s t i l l e d water:

Sodium Chloride 2,25 g

Potassium Chloride 0,100 g

Calcium Chloride 0,12 g

Sodium bicarbonate 0,05 g

The solution is dispensed in 99, 90 and 9 mü. aliquots into dilution

bottles and sterilized by autoclaving at 121°C for 20 min.

Analysis

(i) If m-FC(-RA) broth is being used, prepare the petri dishes prior to

analysis by aseptically placing an absorbent pad into each petri dish

(using either a dispenser (e.g Mi l l i p o r e XX62 000 14) or flame sterilized

forr.eps. (Sterili<:e forceps by dipping the tips in ethanol, passing them

Lhrough a flame and allowing the ethanol to burn off). To each pad

pipt'lte 2,0 ml m-FC(-RA) broth, allow the medium to soak into the

absorbent pad for 5 min and then drain off the excess medium.

(11) The volume of sample, or dilution thereof, filtered will depend upon the

source of the sample. Suggested sample volumes (anri dilutions) are:

l ; Volume filtered (ml)
-̂̂  Water Source 100 50 10 l* 0,1* 0,01* 0,001* 0,0001*

Groonrlw.Uer supply X X X

Impoundments X X X

River water X

Pol luted small r iver

Chlorinated sewage

Unchlor inated sewage

X X X

X X X X

X X X

X X X X

*Do not attempt to filter volumes of less than 10 mü. d i r e c L l y . Prepare

the lower filtration volumes using quarter strength Rlnger's d i l u t i o n

solution äs follows:
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Sample
filtration
volume

1 ml

0,1 ml

0,01 ml

0,001 ml

0,0001 ml

Sample volume +

1 ml

1 ml

10 ml of Dilution A

1 ml of Dilution A

10 ml of Dilution B

diluent volume

9 ml

99 ml (= Dilution A)

90 ml

99 ml (= Dilution B)

90 ml

Volume of
dilution
mtered

10 ml

10 ml

10 ml

10 ml
10 ml

Before fllterlng a sample or dilution, and during the preparation of the

dilution, shake the bottle or tube vigorously to ensure homogeneous

distrlbution of the bacterlal cells.

(111) Assemble the filtration apparatus and, using flame sterilized forceps,

place a membrane filter, grld slde up, on the apparatus. Filter the

desired volume of sample or dilution. After filtration, and with the

vacuum still on, rinse the sides of the filter funnel with 10 to 20 ml

sterile quarter strength Ringer's solutlon, allowing the rinslngs to pass

through the filter. Switch off the source of vacuum and, taklng care not
to damage the membrane, remove the filter using flame sterilized forceps.

(1v) Transfer the membrane filter to a petri dish containing m-FC(-RA) agar or

an absorbent pad soaked with m-FC(-RA). Place the membrane on the growth

medium, grid slde up, with a rolling action so äs to avoid trapping air

bubbles between the medium and the membrane. Replace the lid of the petri

dish and clearly mark it with sample Identification and sample volume.

Incubate the filters, upslde down, at 44,5°C ± 0,2°C for 20 to 24 h.

(v) After incubation, count all the colonies that have a blue colour. If

posslble choose to count a plate that gives a count of 20 to 80 faecal

coliform colonies per filter. Samples from groundwater suppHes and

unpolluted impoundments will often have less than 20 colonies per filter.
To aid counting, a low-power binocular dissecting microscope and

fluorescent lamp may be used. Ensure adequate destruction of plates once

the bacterial numbers have been enumerated.

Calculations

Faecal coliform bacterla numbers are quoted äs the number of colonies per

100 ml. Calculate the faecal coliform count äs follows:

..„- „-1 No. of colonies x 100
Faecal coliforms 100 ml vol of sample filtered (mlj
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Comments

^ Colonles may be plcked off and conflrmed äs faecal collforms or EscheMchla

co11 uslng the schemes of DHSS (1969) or Bordner e_t aJL (1978).

2.2.5 Faecal streptococd - Membrane fllter method - 1010001

Scope

The presence of faecal streptococd is taken to Indicate faecal contamlnatlon

by warm blooded anlmals. By deflnltion the term faecal streptococd 1s taken

to mean the streptococd that form Lancefleld's Group D (I.e. Streptococcus

faecalls and Hs varlants Hqulfadens and zymogenes. Ŝ _ faedum. S. durans. £._

bovls and S. egulnus). By this definltlon the oral streptococd, S. mltls and

Sj,. salivarlus are excluded. The ratlo of faecal collforms to faecal

streptococd 1s taken to be 1nd1cat1ve of the source of contamlnatlon. Ratlos

of 4,0 or greater are 1nd1cat1ve of human faecal pollutlon whlle ratlos of less

than 0,7 are 1nd1cat1ve of anlmal faecal pollutlon (Geldreich and Kenner,

1969). The ratlos, however, are only valld for 24 h after the pollutlon has

been dlscharged (Geldrelch and Kenner, 1969) and are not appUcable to

chlorlnated effluents (Rosser and Sartory, 1982). For the purpose of this

method, faecal streptococd are deflned äs those bacterla whlch produce deep

red or maroon colonles on m-Enterococcus agar after 48 h 1ncubat1on at 35°C.

Although this method would allow Umlted growth of S. mltls and S. salivarlus

(Stanfleld et aj_. 1978) experlence at the H.R.I. laboratorles has shown that

these spedes rarely grow on this medlum.

Summary of Hethod

A water sample 1s flltered through a membrane fUter upon which bacterla are

entrapped. The filter 1s then placed on a selectlve growth medlum and

Incubated at 35°C for 48 h after whlch colonles characterlstic of faecal

streptococd are counted.

Interf erences

High sedlment loads may lead to poor development of colonles.

Apparatus

(1) Incubator capable of ma1nta1n1ng a temperature of 35°C i 0,5°C.

(11) Filtration apparatus, sterile, preferably Hydrosol type (Hlllipore or

equlvalent) and source of vacuum.

(111) Sterile, white, grldded 47 mm dlameter membrane fllters, 0,45 pro

pore-slze (Mllllpore type HAWG or equivalent).
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(iv) 50 mm x 12 mm plastic petri dishes, with tightly fitting l i d s , sterile

(Millipore PD10 047 or equivalent).

(v) Smooth tipped forceps.

(vi) Selection of sterile 10 ml and l mS, pipettes.

Reagents

(i) m-Enterococcus agar (Slanetz and Bartley, 1957). This medium may be

obtained commercially (e.g. Merck product No. 5262 or equivalent) and

reconstituted according to manufacturers instructions or prepared äs

föllows:

Yeast extract 5,0 g

Tryptose 20,0 g

Dextrose 2,0 g

Dipotassium hydrogen phosphate 4,0 g

Sodium azide 0,4 g

2,3,5 Triphenyl tetrazolium Chloride 0,1 g

Agar 10,0 g

Suspend the ingredients in l 8. d i s t i l l e d water and heat just enough,

with stirring, to dissolve all the ingredients. Do not overheat the

medium. Allow the medium to cool before dispensing into 50 mm diameter

petri dishes to a depth of about 2,5 mm. The final pH of the medium

should be 7,2 ± 0,1. If sealed and protected from light the plates may be

stored in a refrigerator for up to 6 months.

(ii) Ringer's dilution solution (quarter strength) may be obtained commercially

(e.g. Oxoid product No. BR52 or equivalent) and reconstituted according to

manufacturers instructions or prepared by dissolving the following

constituents in l i d i s t i l l e d water:

Sodium Chloride 2,25 g

Potassium Chloride 0,105 g

Calcium Chloride 0,12 g

Sodium bicarbonate 0,05 g

Ihe solution is dispensed in 99, 90 and 9 ml aliquots into dilution

bottles and sterilized by autoclaving at 121°C for 20 min.

(i) Ihe volume of sample, or d i l u t i o n thereof, filtered w i l l depend upon the

source of the sample. Suggested sample volumes (and dilutions) are:
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Wal. er Source
Volume filtered (ml)

100 50 10 l* 0,1* 0,01* 0,001* 0,000V

Groundwater supply X

Impoundments X

River water

Polluted small rlver

Chlorinated sewage

Unchlorlnated sewage

X

X

X X X

X X X X

X X X

X X X X

*Do not altempt to filter volumes of less than 10 ml dlrectly. Prepare

the lower filtration volumes using quarter strength Ringer's dilution

solution äs follows:

Sample
f i 1 tration
volume

1 ml

0,1 ml

0,01 ml

0,001 ml

0,0001 ml

Sample volume t

1 ml

1 ml

10 ml of Dilution A

1 ml of Dilution A

10 ml of Dilution B

diluent volume

9 ml

99 ml ( = Dilution A)

90 ml

99 ml (= Dilution B)

90 ml

Volume of
di lution
filtered

10 ml

10 ml

10 ml

10 ml

10 ml

Before filtering a sample or dilution, and during the preparation of the

dilutions, shake the bottle or tube vigorously to ensure homogeneous

distribution of the bacterial cells.

[ii) Assemble the filtration apparatus and, using flame sterilized forceps,

place a membrane filter, grid side up, on the apparatus. (Sterilize

forceps by dipping the tips in ethanol, passing them through a flame and

allowing the ethanol to burn off). Filter the desired volume of sample or

dilution. After filtration, and with the vacuum st i l l on, rinse the sides

of Lhe f i l t e r funnel with 10 to 20 ml sterile quarter strength Ringer's

solulion, allowincj Lhe ririsings to pass through the filter. Switch off

the source of varuum and taking care not to damage the membrane remove the

filier using flame sterilized forceps.

(iii) Transfer the membrane f i l t e r Lo a petri dish containing m Enterococcus

agar and place the f i l t e r on the agar, grid side up, with a rolling action

so äs not to trap any air bubbles between the agar and the filter.

Replace the l i d of the petri dish and mark it wHh sample identification

and sample volume. Incubate the filters, upside down, at 35°C j; 0,5°C for

44 to 48 h.
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(1v) After incubation, count all colonles that are deep red or maroon in
colour. If possible choose to count a plate that glves a count of 20 to

100 faecal streptococd colonles per filter. Samples front groundwater

suppHes and unpolluted Mvers and Impoundments will often have less than
20 colonles per Hlter. To ald countlng, a low-power blnocular dissecting
mlcroscope and fluorescent lamp may be used. Ensure adequate destructlon

of plates once the bacterial numbers have been enumerated.

Calculations

Faecal streptococci numbers are quoted äs the number of colonies per 100 ml.

Calculate the faecal streptococci count äs follows:

Faecal streptococci 100 ̂  . J°Q° 11 (ml)

2.2.6 Faecal clostrldla - Membrane Hlter method - 1020001

Scope

The presence of Clostr1d1um perfMngens 1s taken äs concluslve proof of faecal

contamlnatlon of water. Due to the reslstant nature of 1ts spores 1t 1s
"useful 1n detectlng remote or 1nterm1ttent pollutlon espedally 1n shallow

well waters" (DHSS, 1969). The method described here allows good recovery of
C.. perf Mngens. but 1t has been shown that other sulphlte redudng clostrldla

(predomlnantly C. ghonl and C. perenne) are able to grow on thls medlum (Burger
et al . 1984). As these other clostrldla are pr1mar1ly Isolated from faeces and
gastro-1ntenst1nal and urlnogenltal tracts thelr presence should also be
consldered 1nd1cat1ve of faecal contamlnatlon. For thls reason the test name

1s faecal clostrldia, although the predomlnant spedes present would be
Clostr1d1um perf rlngens. For the purpose of thls method, faecal clostrldla are

deflned äs sulphlte redudng anaeroblc bacteria that produce typlcal black
colonies when Incubated on tryptose-sulphite-cycloseMne agar under anaerobic
condltlons for 24 h at 45°C.

Summary of method

A water sample is fUtered through a membrane filter upon which the bacteria

are retalned. The filter is then placed on a selective growth medium and
incubated under anaerobic condltions at 45°C for 24 h, after which all colonies

characteristic of faecal clostridia are enumerated.

Interferences

H1gh Sediment loads may cause excessive spreading of the colonles with

subsequent difflculty 1n counting.

8C
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Apparatus

(I) Incubator capable of ma1nta1n1ng a temperature of 45°C + 0,5°C.

(11) Filtration apparatus, sterile, preferably Hydrosol type (MilUpore or

equlvalent) and source of vacuum.

(111) Sterile whlte, grldded 47 mm dlatneter membrane fllters 0,45 ym pore slze

(MHIIpore type HAWG or equlvalent).

(1v) 50 mm x 12 mm plastic petrl dlshes wlth tlghtly flttlng I1ds. sterile

(H1ll1pore PD10 047 or equlvalent).

(v) Anaeroblc jars (Oxold HP11 or equlvalent) wlth anaeroblc gas generatlng

k1t (Oxold BR38 or equlvalent) and anaeroblc 1nd1cator strlps (Oxold BR55

or equlvalent).

(v1) Smooth tlpped forceps.

(v11) Selectlon of sterile 10 ml and l ml plpettes.

Reagents

(1) Tryptose-Sulphlte-CycloseMne agar wlthout egg yolk Supplement (TSC-EY)

(Hauschlld and Hllshelmer, 1974) may be obtalned commerdally (e.g. Oxold

perfrlngens Agar Base CH587 and TSC Supplement SR88 or equlvalent) and

reconstituted accordlng to manufacturers instructlons or prepared äs

follows:

Yeast extract 5 g

Tryptose 15 g

Soya peptone 5 g

Sodlum metablsulphlte l g

Ferrlc ammonlum dtrate l g

Agar 14 g

Suspend the ingredlents 1n l l dlstllled water and dlssolve by heatlng

and stlrrlng. SterlUze by autoclavlng at 121°C for 15 min. Allow to

cool to 50°C and add 4 ml of f 1lter-ster1l1zed solutlon of

100 mg ml" D-cycloser1ne 1n dlstllled water. Mix well and dlspense

1nto 50 mm dlameter petrl dlshes to a depth of about 2,5 mm. The final pH

of the medlum should be 7,6 ± 0,2. The prepared medlum may be stored

anaerobically In a refrlgerator for at least l month. The plates must be

well drled prlor to use.

(II) Reducing Ringer's dllutlon solutlon (quarter strength) may be prepared by

addlng 0,3 g cystelne hydrochloride to l 5. of reconstituted commerdal

Ringer's solutlon (e.g. Oxold product No. BR52 or equlvalent) or prepared

by dlssolvlng the followlng constltuents 1n l l dlstllled water.
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Sodium Chloride

Potassium Chloride

Calcium Chloride

Sodium bicarbonate

Cysteine hydrochloride

2,25 g

0,105 g

0,12 g

0,05 g

0,3 g

The solution is dispensed in 99, 90 and 9 ml aliquots into dilution
bottles and sterilized by autoclaving at 121°C for 20 min.

Analysis

(1) The volume of sample, or dilution filtered will depend upon the source of
the sample. Suggested sample volumes (and dilutions) are äs follows:

Water Source 100 50 10
Volume filtered (ml)

l* 0,1* 0,01* 0,001' 0,0001'

Groundwater supply X

Impoundments X X
River water X

Polluted small river

Chlorinated sewage X

Unchlorinated sewage

X

X X

X X X X

X X X

X X X X

*Do not attempt to filter volumes of less than 10 ml directly. Prepare

the lower filtration volumes using quarter strength Ringer's dilution

solution äs follows:

Sample
filtration
volume

1 ml
0,1 ml

0,01 ml

0,001 ml

0,0001 ml

Sample volume +•

1 ml

1 ml

10 ml of Dilution A

1 ml of Dilution A

10 ml of Dilution B

diluent volume

9 ml

99 ml (= Dilution A)

90 ml

99 ml (= Dilution B)

90 ml

Volume of
dilution
filtered

10 ml
10 ml

10 ml

10 ml

10 ml

Before filtering a sample or dilution, and during the preparatlon of the

dilutions, shake the bottle or tube vigorously to ensure homogeneous
distribution of the bacterial cells and spores.
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(ii) Assemble the filtration apparatus and using flame sterilized forceps,

place a membrane filter, grid side up, on the apparatus. (Sterilize

forceps by dipping the tips in ethanol, passing them through a flame, and

allowing the ethanol to burn off). Filter the desired volume of sample or

dilution. After filtration, and with the vacuum still on, rinse the sides

of the filter funnel with 10 to 20 mS. sterile quarter strength reducing

Ringer's solution, allowing the rinsings to pass through the filter.

Switch off the source of vacuum, and taking care not to damage the

membrane remove the filter using flame sterilized forceps.

(iii) Transfer the membrane filter to a petri dish containing TSC-EY agar and

place the filter on the agar, grid side up, with a rolling action so äs

not to trap any air bubbles between the agar and the filter. Replace the

lid and mark it with sample Identification and sample volume. Incubate

the filters in an anaerobic jar containing an atmosphere of approximately

90% hydrogen and 10% carbon dioxide, at 45°C ± 0,20°C for 20 to 24 h.

(iv) After incubation count all black colonies. If possible choose to count a

plate that gives a count of 20 to 80 faecal clostridia. To aid counting,

a low-power binocular microscope and fluorescent lamp may be used. Ensure

adequate destruction of plates once the bacterial numbers have been

enumerated.

Calculations

Faecal clostridia are quoted äs the number of colonies per 100 ml. Calculate

the faecal clostridia count äs follows:

Faecal clostridia 100 . e (m.)

Comments

Colonies can be picked off and confirmed äs Clostridium perf ringens by testing

for gram-positive spore-f orming anaerobic bacilli that are non-motile,

nitrate- reducing, can liquify 12% gelatin and ferment lactose. Details of

these tests are given in Hauschild and Hilsheimer (1974).

2.2.7 Standard plate count - Pour plate method - 1030001

Scope

The Standard plate count provides a count of the viable aerobic and facultative

anaerobic baacteria present in drinking water supplies. It does not represent

the total viable bacteria present, but gives an indication of the general

bacteriological quality of the water and the efficacy of water treatment

processes .
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Summary of method

A l ml aliquot of sample, or dllution of sample, 1s mixed wlth 15 to 20 ml

non-selective nutrlent enrlched agar medlum and Incubated for 48 h at 35°C,

after whlch all colonles are counted.

Interferences

Spreadlng surface growth of some spedes of bacterla may Mnder counting of

colonles.

Apparatüs

(i) Incubator capable of malntalning a temperature of 35°C ± 0,5°C.

(11) Sterile 90 mm petrl dlshes.

^
(111) Sterile l ml plpettes.

(1v) Colony counter wlth Quebec grid (ChUtern Sclentlflc Model CC30 or

äquivalent).

Reagents

(1) Standard Plate Count Agar (Tryptone Glucose Yeast Agar (APHA, 1980)).

Th1s medlum may be obtalned commerdally (e.g. Oxoid product No. CH463 or

äquivalent) and reconstituted accordlng to manufacturers instructions or
prepared äs follows:

Yeast extract 2,5 g

Tryptone 5,0 g

Glucose l.0 g

Agar 15,0 g

Suspend the 1ngred1ents in l i dlstHled water and boil to dlssolve

constituents. Dispense 1n 15 to 20 ml aliquots 1nto screw-capped tubes

and sterilize by autoclaving at 121°C for 25 min. The final pH of the

medium should be 7,0 i 0,2. The medium may be stored 1n the refrigerator,

but should be used within 3 months.

Alternatively slmilar media such äs Yeast Extract Agar (DHSS, 1969) may

also be used.

(11) Ringer's düution solution (quarter strength) may be obtained commercially

(e.g. Oxoid product No. BR52 or equivalent) and reconstltuted according to

manufacturers Instructions or prepared by dissolving the following

constituents in l l distilled water:
~
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Sodium Chloride
Potassium Chloride

Calcium Chloride
Sodium bicarbonate

2,25 g
0,105 g
0,12 g
0,05 g

The solution is dispensed in 9 ml aliquots into dilution bottles and
sterilized by autoclaving at 121°C for 20 min.

Analysis

(i) Prior to analysis select the number of tubes required and melt the agar by

placing the tube in boiling water. Once melted, place the tubes in an

incubator or water bath at 45°C to temper. The agar should only be melted

once, so any unused tubes should be discarded or used äs quality control
checks (i.e. poured into petri dishes uninoculated and incubated with the
inoculated plates).

(11) For most drlnking water samples a l ml subsample 1s adequate. If,
however, elevated counts are expected then decimal serial dilutlons uslng
sterile quarter strength Ringer's solution are required and prepared äs
follows:

Volume sample
added to agar

1 ml
0,1 ml

0,01 ml
0,001 ml

etc.

Sample Diluent
volume t volume

1 ml

1 ml 9 ml (= Dilutlon A)

1 ml of Dilutlon A 9 ml (= Dilution B)
1 ml of Dilutlon B 9 ml (= Dilutlon C)

Volume
pipetted
into
petri dlsh

1 ml

1 ml
1 ml
1 ml

Before taking subsamples and during the preparation of the dilutlons,
shake the sample and dilutlons vigorously to ensure homogeneous Suspension

of the bacterial cells.

(111) Aseptically pipette l ml of the sample, or dilution thereof, into a
petri dish and add 15 to 20 ml molten tempered Standard plate count

agar. Replace the petri dish lid and carefully move the petri dish in a

series of to-and-fro and circular movements to mix the Inoculum and agar

without splashing. Leave the plate undisturbed untll the agar has set.
Clearly mark the dish with the sample Identification and volume of actual

sample pipetted. The plates are then inverted and incubated at

35°C t 0,5°C for 44 to 48 h. Two plates should be prepared for each

sample or dilution thereof.
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(iv) After incubation, if possible select plates that will give a count of

between 30 and 300 colonies per plate. With good quality domestic

supplies, counts of less than 30 per 1 ml original sample rnay be

encountered. Place the plate on the colony counter and tally the number

of colonies. The Quebec grid will help when there are spreading colonies,

or a plate with a very high count has to be used. In such cases a

representative area (number of squares) is counted and the count related

to the whole plate. For bacterial densities of less than 10 colonies

cm~ count the number of colonies in 13 grid squares and multiply the

total by 5 for the mumber of colonies per plate. If the density is

greater than 10 colonies cm , count 4 representative squares, find the

average per square and multiply that by 65 to give the count per plate.

Calculations

Standard plate count is quoted in terms of the number of colonies per

millilitre. Calculate the count by dividing the mean of the two counts by the

volume in millilitres of actual sample pipetted into the dish.

""
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SECTION 3: IDENTIFICATION OF DISPERSIVE SOILS

3.1 INTRODUCTION

Many soll properties are important when soils are used äs construction material

for reservoirs. One of these properties is the dispersion potential of a

soll. Solls with a high sodium content are potentially dlspersive. Chemical

assessment of the dispersion phenomenon may be obtained using a classification

method based on the measurement of exchangeable sodium percentage (ESP) and

calion exr.hange capadty (CEC), together with data on the clay content (Gerber

and Grobler, 1980; Gerber and Harmse, 1986). The clay content may be

determined either by use of a sedigraph, or by means of the double hydrometer

lest (Anderson, 1951; Sherard ei aK 1972).

Tor Information on other Lests for dispersion such äs the eroslon ratio,

dispersion Index, crumb lest, sl.ike Lesl. ,ind pinhole test, the literature list
at the end of section 3 should be consulted.

'
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3.2 METHODS FOR IDENTIFICATION OF DISPERSIVE SOILS

^ 3.2.1 Determination of the catlon exchange capadty (CEC) - 7000301

Apparatus

(1) Volumetrie flasks (100 ml)

(11) Pipette (30 ml) or plpettor

(111) Plastlc bottles (100 ml)

Reagents

(1) l mol sodlum acetate solutlon (pH 7). Dlssolve 136,1 g sodlum acetate
(NaAc) 1n approxlmately 900 ml delonlzed water and determlne the pH. If
the pH 1s below 7 add a few drops of a sodlum hydroxlde (NaOH) solutlon,

and 1f 1t 1s above 7 add a few drops of acetlc add (CHgCOOH).

(11) l mol ammonlum acetate solutlon (pH 7). Dlssolve 77,1 g ammonlum acetate
(NH.Ac) 1n approxlmately 900 ml delonlzed water and determlne the pH.
If 1t 1s below 7 add a few drops of ammonla, and 1f 1t 1s above 7 add a

few drops acetlc add (CHgCOOH).

(111) Ethanol (95%).

(1v) Ethanol (50%).

Hethod (Sodlum Saturation and exchange)

(1) Welgh off 5 g (± 0,01 g) soll 1n a plastlc centrlfuge bottle.

(11) Add 30 ml l mol sodlum acetate (NaAc) at pH 7, shake for 15 min,
centrlfuge for 5 min at 2 000 rpm and decant the supernatant.

(111) Repeat step (11) four tlmes.

(1v) Add 30 ml 50% ethanol shake for 15 min, centrlfuge for 5 min at 2 000
rpm and decant the supernatant.

(v) Repeat step (1v) twlce.

(v1) Add 30 ml 95% ethanol, shake, centrlfuge and decant äs 1n step (1v)
above.

(v11) Add 30 ml l mol ammonlum acetate (NH.Ac) shake for 15 min, centrlfuge

for 5 min at 2 000 rpm and fllter the supernatant uslng Whatman No. 42

fllter paper 1nto a 100 ml Volumetrie flask.
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(v111) Repeat step (v11) three tlmes.
^

(1x) F111 the Volumetrie flask up to the 100 ml mark.

The Hlter paper must be washed durlng thls process. Use the 1 mol

NH^Ac solutlon for thls purpose.

(x) Determlne the concentratlon sodlum uslng a flame photometer. (Thls value

1s expressed 1n me/100 g soll and represents the CEC value of the soll).

3.2.2 Determination of the percentage adsorbed sodlum - 7000101

Apparatus

(1) Volumetrie flasks (100 ml)

(11) Pipette (30 ml) or plpettor

(111) Plastlc bottles (100 ml)

Reagents

(1) l mol sodlum acetate solutlon (pH 7). Dlssolve 136,1 g sodlum acetate

(NaAc) 1n approxlmately 900 ml delonlzed water and determlne the pH. If
the pH 1s below 7 add a few drops of a sodlum hydroxlde (NaOH) solutlon,
and 1f 1t 1s above 7 add a few drops of acetlc add (CH,COOH).

(11) l mol ammonlum acetate solutlon (pH 7). Dlssolve 77,1 g ammonlum acetate

(NH^Ac) 1n approxlmately 900 ml delonlzed water and determlne the pH.
If 1t 1s below 7 add a few drops of ammonla, and 1f 1t 1s above 7 add a
few drops acetlc add (CHgCOOH).

(111) Ethanol (95X).

(1v) Ethanol (50X).

Hethod (Sodlum Saturation and exchange)

(1) Welgh off 5 g (± 0,01 g) soll 1n a plastlc centrlfuge bottle.

(11) Add 30 ml 50X ethanol, shake for 15 min, centrlfuge for 5 min at 2 000
rpm and decant the supernatant.

(111) Repeat step (11) twlce.

(1v) Add 30 ml 95X ethanol, shake for 15 min, centrlfuge at 2 000 rpm for 5
min and decant the supernatant.
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(v) Add 30 m» l mol ammonlum acetate (NH.AC), snaKe for 15 min, centrifuge

, for 5 min at 2 000 rpm and filter the supernatant uslng Whatman No. 42

fllter paper 1nto a 100 ml Volumetrie flask.

(v1) Repeat step (v) three tlmes.

(v11) F111 the Volumetrie flask up to the 100 ml mark.

The fllter paper must be washed durlng thls process. Ilse the l mol

NH.Ac solutlon for thls purpose.

(v111) Determlne the concentratlon sodlum uslng a flame photometer. (Thls value

represents the concentratlon adsorbed sodlum 1n the soll).

Calculatlons

The exchangeable sodlum percentage (ESP) value 1s calculated äs follows:

U
(Na),

CCD _ ' » i "ft

where

(Na), = concentratlon adsorbed sodlum äs obtalned from 3.2.2.

(Na)„ = concentratlon sodlum äs obtalned from 3.2.1.

Thus

CCD Sodlum (adsorbed) ,nntbP = CEC x luu

3.2.3 Determination of the clay content and the percentage dlsperslon of the soll

- 7000201

Two methods can be followed:

^ ) (1) Hydrometer method, or

(11) method uslng the sedlgraph 5000D apparatus.

As a sedlgraph 1s not always avallable and the procedures are glven 1n the

manual of the apparatus, only the hydrometer method 1s dlscussed.

Apparatus

(1) Sedimentation cyllnder.

(11) Hydrometer (152 H).

(111) Thermometer.

(1v) Plpettes (100 ml and 25 ml).
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Reagents

Sodlum hexa-metaphosphate (NaP03)&, 20% solutlon. Welgh off 200 g of

(NaP03)6 1n 1 1 of water. The solutlon can be heated to a1d the

dlssolvlng. The solutlon used for the experlment remalns stable for about 30 d.

Method

(1) Place about 300 g of soll In a drylng oven and dry at 80°C for 24 h.

Break all the clods (do not crush the soll) and sleve 1t uslng a 2000 vm
sleve.

(11) Welgh off exactly 50 g of the oven-drled (2 000 ym) soll. (Use 100 g of

soll 1f the soll contalns less than 10% materlal flner than 75 pro).

(111) Wash the soll through a 75 \im sleve uslng delonized water and a brush,

1nto a Sedimentation cylinder. The total volume water should not exceed

l l.

(1v) Three Sedimentation cyllnders are now used:

one wlth l t delonized water;

one wlth 15 ms. Calgon (20%) solution fllled to l 000 ml wlth delonized

water, and

one wlth the materlal flner than 75 ym filled to l l.

(v) Shake the cylinder wlth the soll-water Suspension by turnlng 1t upslde

down and back 30 tlmes 1n 60 s.

(v1) Take a temperature readlng, the temperature 1n the three cyllnders should

be wlthln 1°C.

(v11) Place the hydrometer (152H) 1n the control cylinder (cylinder wlth the

15 ml Calgon) and the cylinder contalning the delonized water and take a

menlscus reading on the hydrometer. The dlfference between these readings

1s the zero-correction and 1s used for further calculatlons.

(v111) Take a hydrometer reading in the soll Suspension after 60 min has

elapsed. (Th1s reading represents the fraction of soll particles finer

than 5 um in water).

(ix) Add 15 ml Calgon to the soll Suspension and shake äs prevlously

described. Take another reading after 60 min.

(x) Shake the soll Suspension again and take a reading after 10 h. This

reading represents the clay fraction (2 vm) in the Suspension. If the

temperature has changed repeat (vii) above.
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Calculatlons

Rc Ra - Zo + C,

where

Ra

Rc

Zo

actual hydrometer readlng,

corrected hydrometer readlng,
zero-correctlon = the difference between the readlng 1n the

cyllnder H11ed wlth delonlzed water and the control cyllnder;

and

the temperature correctlon (Table 3.1).

Table 3.1: Correctlon factor Cj whlch 1s
dependent on the temperature.

Table 3.2:

Temperature (°C)

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

CT

-1,10

-0,90

-0,70

-0,50

-0,30

0,00

<-0,20

+0,40

+0,70

+1,00

+1,30

+1,65

+2,00

+2,50

+3,80

+3.80

Correctlon factor (a) for the unlt welght
of soll.

Un1t welght
1n g/ml

2,85

2,80

2,75

2,70

2,65

2,60

2,55

2,50

Correctlon factor
(a)

0,96

0,97

0,98

0,99

1,00

1,01

1,02

1.04
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(11) Percentage Hner =
nj

(a) = the correction factor for the unlt welght of the soll (Table
3.2) 2,70 1s generally used and

Ws = the mass (50 g) of soll used.
Percentage Hner =

the percentage of a fractlon Hner than a certaln partlcle slze
(2 or 5 ytn etc.).

After the above caiculatlons have been done the percentage £5 ym 1n
water and 1n Calgon (dlsperslon medlum), and the percentage clay 1n the
soll sample becomes known.

(111) The percentage dlsperslon 1s caiculated äs follows:

Percentage dlsperslon . J x 100
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3.3 DETERMINATION OF THE DISPERSION POTENTIAL - 7000302

3.3.1 Results

(1) The CEC (catlon adsorptlon capadty) value of the soll.

(11) The concentratlon adsorbed sodlum 1n the soll.

(111) The percentage clay.

(1v) The percentage sllt plus clay 1n Calgon and the percentage sllt 1n water.

3.3.2 Calculatlons

In order to classlfy the soll 1n the categorles (dlsperslve, marglnal or

non-d1spers1ve) accordlng to Flgure 3.1 the followlng calculatlons must be made:

(1) Catlon adsorptlon capadty 1n me/100 g clay

(CEC)/100 g clay CEC value x 8.7
% clay content

(11) Exchangeable sodlum percentage (ESP), see 3.2.2. calculatlons.

(111) Percentage dlsperslon, see 3.2.3. calculatlons.

_
VERY OISPERSIVE
(SELF HEALING IF
PI>35)

NON DISPERSIVE

COMPLETELY NON DISPERSIVE

10 20 30 W 5*0 60 70 80 90 100 110 120 130 HO 150

CATION EXCHANGE CAFÄCITY (me 100g1 CLAY)

Flgure 3.1: Dlagram for determlnatlon of dlsperslon potentlal äs a functlon
of ESP and CEC 100 g-"1 clay.

g?
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3.3.3 Classlf1cat1on of soll accordlng to the dlsperslon potentlal

By uslng Flgure 3.1 the final class1f1cat1on of the dlsperslon potential can be

made. If a sample, when plotted on Flgure 3.1, lies near a Une that 1s for

example a border between marglnal and dlsperslve 1t 1s necessary that the

percentage dlsperslon value be taken 1nto account. If thls value 1s 60% and

above 1t 1s advlsable to classlfy the soll 1n the next category. For
example from non-dlspersive to marglnal or from marglnal to dlsperslve. Th1s

evaluatlon may be used 1n all cases where soll 1s to be used äs construction

materlal.

~

~

-

98

Scanned by RQS, Department of Water Affairs and Forestry, 2010-10-15 - Beware of OCR errors

Archival material only - may not reflect current procedures and policies



_
3.4 DETERMINATION OF THE REACTION OF THE SOIL AS INFLUENCED BY THE CHEMICAL QUALITY

OF THE WATER IN CONTACT WITH THE SOIL

As soll dlsperslon 1s Influenced by the qualHy of the water 1n contact wlth

the soll 1t 1s advlsable that thls water 1s analysed. To do the evaluatlon the

total concentratlon catlons (TCC 1n me/8.) and the sodlum adsorption ratio

(SAR) must be obtalned, where:

Na

«

SAR = Ca +• Hg 1/2 (values 1n me/8,) and
2

TCC = Na t Ca *- Mg *• K (1n me/1)

Seelng that the dominant clay mlneral also plays a role durlng dlsperslon,

three curves reflectlng thls are glven In Flgure 3.2, namely;

CEC/100 g clay = 5-20, 20-80 and 80-140 me*.

Soll (CEC between 20-80 me, Flgure 3.2) whlch classlfles äs dlsperslve will

tend to flocculate 1n water of SAR=10 and of TCC = 8 me/8..

If the quallty of the water Improves, dlsperslon will occur. Thls explalns why

raln water disperses a potentlally dlsperslve soll.

In Flgure 3.3 the relatlonshlp between the SAR of water and the equH1br1um ESP

of soll can be seen. From thls the expjected ESP value of a soll 1n equH1br1um

wlth the water can be obtalned and emphaslzes the fact that water wlth high

sodlum content can make a soll potentlally dlsperslve.

* me = ml H1-equ1valents

16

15
<n
§ *l

<= «•
(U 12

u_ G
O 11-

i g «•
^;5^ •ijj «i.
LJ

5 s

l >
•- 3

l

1

CEC «OB CLAYieO-UOlm«

100g1 CLAY (20-801 IM

100g"1 CLAY (5 -20 ]me

Flgure 3.2:

t 5 6 7 8 9 10 1l 12 13 14 15 16 17 1$ 19 20 21 22 23 2t

SODIUM ADSORPTION RATIO ( S A R )

The Influence of free salts on flocculatlon and dlsperslon äs
Influenced by the colloldal composltlon of solls.
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efficiency.

113. Workshop on the effect of rural
land-use and catchment management
on water resources.

114. Water year +• 10 and then?

B.H.T. GILDING (1979)

P.L. KEMPSTER (1979)

P.L. KEMPSTER (1979)

P.T. ADAMSON

P.A. GERBER (1980)
D.S. GRÜBLER

Z.P. KOVACS (1980)

S.N. SHILLINGLAW
(1980)

D.P. SARTORY (1980)

P.L. KEMPSTER (1980)
W.H.J. HATTINGH
H.R. VAN VLIET

P.C. McROBERT-REID

EDITED BY H. MAAREN
JULY 1981

EDITED BY
W.H.J. HATTINGH (1981)

R 2,29

R 2,46

R 1,10

R 1,78

R31.73

R 1,30

R 2,90

R 2,80

R 1,76

R 1,76

R14.50

R 9,20

R 9,38
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115. Spectrophotometric analysls of
Chlorophyll a 1n freshwater phyto-
plankton.

116. Documentation of the January 1981
floods in the South Western Cape.

117. Point and diffuse source phosphorus
loadlng of rivers and Impoundments
1n the Durban-P1etermar1tzburg Region.

118. The Bethlehem run-off augmentation
research project: Past, present and
future.

119. South African National Hydrological
Symposium - Proceedings.

120. Documentation of the March-May 1981
floods in the South Eastern Cape.

121. An Assessment of Water Related
Problems of the Vaal River between
Barrage and Douglas Weir.

122. Documentation of the 1984 Domoina
Floods.

123. 'n Evaluering van die fisies-chemiese
eienskappe van dispersiewe grond en
die metodes vir identifisering van
dispersiewe grond.

124. A comparison of methods to determine
nutrient limitation in Impoundments.

125. The estimation of phytoplankton
biomass in freshwater.

126. Manual for the planning, design and
Operation of river gauging stations.

D.P. SARTORY (1982)

Z.P. KOVACS (1983)

DALLAS ANNE KROGER
(1981)

S. MASON-WILLIAMS
(1984)

H. MAAREN (ED)
(1984)

D.B. DU PLESSIS

C.A. BRUWER
H.R. VAN VLIET
D.P. SARTORY
P.L, KEMPSTER

Z.P. KOVACS
D.P. DU PLESSIS
P.R. BRACHER
P. DÜNN
G.C.L. MALLORY

F.A. GERBER

L. ROSSOUW

S.G. YOUNG

J.J. VAN HEERDEN
D. VAN DER SPUY
P.J. LE ROUX

R 8,00

R22,63

RIO,15
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R90.09

R14.84

R14.84

R29.29

R 9,57

R18.60

R14.45

R 7,77
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127. 'n Ondersoek na die Rol van
Soöplankton 1n Roodeplaatdam.

C.E. VAN GINKEL

128. Landsat water quality surveillance -
development of the model CALMCAT.

129. Estuarlne and lake freshwater
requirements.

130. Application of Inductively coupled
plasma emlsslon spectrometry 1n the
analysls of environmental samples.

131. Surface water quality of South Africa.
The Vaal R1ver catchment:
1979 to 1983.

132. Dokumentasie van die 1979-vloed in
die Oranje- en Groot Visrivier

133. South African Rainfall Database

134. Water demands in the Vaal River
supply area. Forecast to year
2025

135. An aid to Identification of the
dominant and commonly occurring
genera of algae absend in some
S.A. impoundments

^136. Analytical methods manual.

A.H. HOWMAN R21,99
P.L. KEMPSTER

W.A. JEZEWSKI R 5,60
DR. C.P. ROBERTS

P.L. KEMPSTER
(1986) R14.15

H.R. VAN VLIET
(1986) R25,00

D.B. DU PLESSIS

P.T. ADAMSON

PROF. D.C. MIDGLEY

E. TRUTER

H.R. VAN VLIET
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