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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards bodies (ISO member bodies). The work of preparing International 
Standards is normally carried out through ISO technical committees. Esch member 
body interested in a subject for which a technical committee has been established has 
the right to be represented on that committee. International organizations, govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard ISO 7150/2 was prepared by Technical Committee 
ISO/TC 147, Water guality. 

Users should note that all International Standards undergo revision from time to time 
and that any reference made herein to any other International Standard implies its 
latest edition, unless otherwise stated. 

0 international Organkation for Standardkation, 1986 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 7150/2-1986 (E) 

Water quality - Determination of ammonium - 
Part 2: Automated spectrometric method 

1 Scope and field of application 

1 .l Substance determined 

This part of ISO 7150 specifies an automated spectrometric 
method for the determination of ammonium in water. 

NOTE - For a manual spectrometric method for the determination of 
ammonium, see ISO 71!50/1. 

1.2 Type of Sample 

The method is applicable to the analysis of raw, potable and 
most waste waters. Application to excessively coloured or 
Saline waters shall be preceded by distillation (see clause 11). 

For interferences, see clause 9. 

1.3 Range 

An ammonium nitrogen concentration, @N, of up to 50 mg/l 
tan be determined using dialysis, or up to 0,5 mg/l without 
dialysis (see clause 5). 

1.4 Limit of detectionl) 

With dialysis, the limit of detection is eN = 0,03 mg/l. 

Without dialysis it is eN = 0,Ol mg/l. 

2 Reference 

ISO 5664, Water guality - Determination of ammonium - 
Dis tilla tion and titra tion me thod. 

3 Principle 

Spectrometric measurement at about 650 nm of the blue com- 
pound formed by reaction of ammonium with salicylate and 
hypochlorite ions in the presence of sodium nitrosopenta- 
cyanoferratel Ill 1 (sodium nitroprusside). 

Hypochlorite ions are generated by the alkaline hydrolysis of 
1,3-dichloro-5-sodio-1,3,5-triazinanetrione (sodium dichloroiso- 
cyanurate). Reaction of the resulting chloroamine with sodium 
salicylate takes place at pH 12,6 in the presence of nitro- 
prusside. Any chloroamines present in the Sample are quan- 
titatively determined as a consequence. Sodium citrate is 
added to mask interference from cations, notably Calcium and 
magnesium. 

All reactions are carried out automatically using continuous 
flow techniques. *) The absorbance of the coloured compound 
is measured in a flow-through spectrometer. 

Two distinct analytical manifold configurations are specified. 
One incorporates a dialyser block and is suitable for the deter- 
mination of ammonium nitrogen concentrations up to 50 mg/l. 
The other omits the dialyser and is suitable for the determina- 
tion of low level ammonium nitrogen concentrations up to 
0,5 mgll. 

4 Reagents 

During the analysis, use only reagents of recognized analyticai 
grade and only water prepared as described in 4.1, 

4.1 Water, ammonium-free, prepared by one of the follow- 
ing methods. 

4.1.1 Ion exchange method 

Pass distilled water through a column of strongly acidic cation 
exchange resin (in the hydrogen form) and collect the eluate in 
a glass bottle provided with a weil-fitting glass stopper. Add 
about 10 g of the same resin to each litre of collected eluate for 
storage purposes. 

4.1.2 Distillation method 

Add 0,lO + 0,Ol ml of sulfuric acid (Q = 1,84 g/ml) to 
1 000 -t 10 ml of distilled water and redistil in an all glass ap- 
paratus. Discard the first 50 ml of distillate, and then collect the 
distillate in a glass bottle provided with a weil-fitting glass stop- 
per. Add about 10 g of strongly acidic cation exchange resin (in 
the hydrogen form) to each litre of collected distillate. 

1) Limit of detection calculated from 3 &,,, where &,, is an estimate, with at least 9 degrees of freedom, of the within-batch Standard deviation of 
blank Solution responses. Information from the United Kingdom. 

2) H M SO. Methods for Examina tion of Waters and Associa ted ma teriak : Air Segmen ted Con tinuous Flow Automa tic Analysis in the Labora tory . 
London, Her Majesty’s Stationery Office, 1979. 
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4.2 Citrate reagent. 4.6 Ammonium nitrogen, Standard soiution, 
@N = 1 000 mg/i. 

42.1 Reparation 
Dissoive 3,819 + 0,004 g of ammonium chioride (dried at 
105 OC for at least 2 h) in about 800 mi of water (4.1) in a 
1 000 mi one-mark voiumetric fiask. Make up to the mark with 
water (4.1). 

Dissoive 4O,O rlI 0,5 g of trisodium citrate dihydrate 
(C6H507Na3. 2H,O) in about 950 mi of water (4.1) in a 1 iitre 
measuring cyiinder. Diiute to 1 iitre with water (4.1). 

1 mi of this 
trogen. 

Standard soiution contains 1 mg of ammonium Store the soiution in a giass or piastics bottie. 
ni 

This reagent is stabie for at least 3 weeks. 
Stored in a stoppered 
least 1 month. 

giass bottie, this soiution is stabie for at 
4.22 Wetting agent (optional) 

The inclusion of a wetting agent in this reagent in Order to 
promote smooth fiow in the System is optional. if used, the 
wetting agent shaii be a proprietary detergent of the aikyi 
benzenesuifonate type and shaii be added to give a concentra- 
tion of 1 mi/l. 

4.7 Ammonium nitrogen, Standard soiution, 
QN = 20 mg/i. 

Pipette 10 mi of the ammonium nitrogen Standard soiution 
(4.6) into a 500 mi one-mark voiumetric fiask. Make up to the 
mark with water. 

4.3 Salicylate reagent. 
1 mi of this 
nitrogen. 

Standard soiution contains 0,02 mg of ammonium 
Dissoive 34,0 + 0,5 g of sodium saiicyiate (C7H503Na) in 
water (4.1) in a 1 000 mi one-mark voiumetric fiask. Then 
add 0,400 + 0,005 g of sodium nitrosopentacyanoferrate(iii) 
dihydrate {sodium nitroprusside, [Fe( CN),NO]Na2. 2H20}. Dis- 
solve the solid and then make up to the mark with water (4.1). . 

Stored in a stoppered amber giass 
this soiution is stabie for 1 week. 

bottie and kept at 2 to 5 OC, 

Stored in an 
least 2 weeks 

a mber giass bottie, this reagent is for at 
5 Apparatus 

Apparatus for 
the foiiowi na 

Conti nuous method consists basicaily of 4.4 Sodium dichloroisocyanurate, soiution. 

Dissoive 10,O + 0,l g of sodium hydroxide in 500 + 50 mi of 
water (4.1). Cool the soiution to room temperature and then 
add 0,80 t 0,02 g of sodium dichioroisocyanurate dihydrate 
(C3N303Ci2Na .2H20) to the soiution. Dissoive the solid and 
transfer the solution quantitativeiy to a 1 000 mi one-mark 
voiumetric fiask. Make up to the mark with water (4.1) and mix 
weil. 

51 . Sample presentation unit (sampIer). 

5.2 Multichannel peristaltic pump. 

5.3 Analytical cartridge (manifo 
tubes, mixing coiis and diaiyser unit. 

~ld), inciuding pump 

Stored in an amber 
for at least 2 weeks 

giass bottie at 4 OC, this reagent 

The design of the manifoid depends on the intended range of 
appiication. Figure 1 Shows that for the determination of am- 
monium nitrogen concentrations up to 50 mg/i. Figure 2 Shows 
the manifoid for the determination of ammonium nitrogen con- 
centrations up to 0,5 mg/i. This is essentiaiiy a modification of 
figure 1 and permits greater sensitivity due to the iarger Sample 
fiow rate. it is the preferred configuration for the anaiysis of 
potabie waters. 

4.5 Salicylatekitrate mixed reagent (for use in the deter- 
mination of ammonium nitrogen concentrations up to 
0,5 mg/iL 

4.5.1 Preparation 

Dissoive 34,0 + 0,l g of sodium saiicyiate (C7H503Na) and 
40 0 + 0,5 g of trisodium citrate dihydrate (CgHs07Na3 = 2HzO) - 
in ’ about 950 mi of water (4.1) in a 1 000 mi one-mark 
voiumetric fiask. Then add 0,400 $- 0,005 g of sodium 
nitrosopentacyanoferrate( Ill) dihydrate {sodium nitroprusside, 
[Fe(CN)5NOlNa2.2H20}. Dissoive the solid and then make up 
to the mark with water (4.1). 

For the anaiysis of iow ieveis of ammonium the design of both 
Systems tan be improved by drawing air used for Segmentation 
through diiute hydrochioric acid in Order to strub any at- 
mospheric ammonia. Errors from the same Source tan also be 
reduced by capping the Sample cups, once fiiied with sampies, 
with thin aluminium foii which will be pierced as the sampiing 
probe descends. 

Stored in an amber 
least 2 weeks. 

giass bottie, this reagent is stabie for at 
The manifoid System shown in figure 2 is unsuitabie for 
sampies with a high suspended soiids content uniess the soiids 
are first removed by settiement, centrifuging or filtration. 
Ensure that no ammonium is added or lost by any method of 
removai adopted. Aiternativeiy, give consideration to using 
distiliation (see ciause 11). 

4.5.2 Wetting agent (optional) 

A wetting 
reagent. 

agent (see 4.2.2) may be incorporated in this 
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5.4 Spectrometer capabie of measuring absorbance at 
650 nm, incorporating a fiow ceii with an Optical path iength of 
at least 15 mm. 

5.5 Recorder. 

6 Sampling and samples 

Laboratory sampies shaii be coiiected in poiyethyiene or giass 
botties. They shaii be anaiysed as quickiy as possibie, or else 
stored at between 2 and 5 OC untii anaiysed. Acidification with 
suifuric acid to pH < 2 may also be used as an aid to preserva- 
tion, provided that possibie contamination of the acidified 
Sample by absorption of any atmospheric ammonia is avoided. 

7 Procedure 

7.1 Starting Operation 

Connect the System as shown in figure 1 or figure 2 depending 
on the intended range of appiication. Foiiow the equipment 
manufacturer’s generai operating instructions where ap- 
propriate. 

With the Sample probe at rest in the blank water contained in 
the wash receptacie, piace all the reagent iines in their respec- 
tive reagents, Start the pump and switch on the spectrometer 
and recorder. Aiiow the System to equiiibrate for at least 20 min 
and during this period check that the bubbie Pattern and 
hydrauiic behaviour of the System is satisfactory. If not, 
eiiminate difficuities before proceeding. 

7.2 Initial sensitivity setting 

When an acceptabiy smooth baseiine trace is given on the 
recorder, adjust the baseiine response to about 5 % of fuii scaie 
with the zero controi and then transfer the Sample probe into 
the @N, max caiibration Solution where @N, max is the greatest 
concentration that the caiibration is intended to cover. 

When there is a positive stabie response at the measurement 
unit due to the coiour produced from the @N, max caiibration 
soiution, adjust this response with the scaie expansion controi 
to about 95 % of fuii scaie. 

NOTE - The Sample probe need remain in the ON, max calibration sel- 
ution only for sufficient time to give a steady reading. 

Then return the Sample probe to rest in the wash Position, first 
removing any traces of caiibration soiution from the outside of 
the probe. 

7.3 Determination 

Rinse each Sample cup once with a Portion of the iaboratory 
Sample, caiibration Standard or blank which it is to contain and 
then fiii it to the top. Load the Sample turntabie with the fiiied 
cups in the Order given in tabie 1. 

Repeat the sequence 6 to 38 untii all the sampies have been 
ioaded I 

NOTE - When Cross-contamination occurs between two samples 
(visible on the spectrometer and recorder trace as incomplete separa- 
tion of consecutive Sample responses) both samples should be 
reanalysed separated by a blank solution. 

If necessary, readjust the baseiine response to about 5 % of fuii 
scaie defiection and Start the sampiing unit. 

Table 1 - Order of loading of the turntable 

Position No. 
on turntable 

Solution 
I 

1 to 5 
6 and 7 
8to17 

18 
19 and 20 
21 to 30 

31 
32 and 33 
34 to 38 

Calibration solutions* in ascending Order (see 7.4) 
~ Water blank (4.1) 

Samples 
~ Calibration solution” 

Water blank (4.1) 
Samples 
Calibration solution” 
Water blank (4.1) 
Calibration solutions in ascending Order 

k “Calibration solution” indicates one of the calibration solutions 
(see 7.4) used in positions 1 to 5. 

When all the System responses due to the processed soiutions 
have appeared on the recorder and a final baseiine has been 
obtained, the recorder tan be switched off. Then transfer all 
reagent iines to water and pump for at least 15 min. 

7.4 Calibration 

Prepare caiibration soiutions from either of the Standard soiu- 
tions (4.6 or 4.7) as shown in tabie 2. Seiect the concentrations 
of the caiibration soiutions according to the expected Sample 
ammonium concentrations and the manifoid configuration in 
use. 

Load the five seiected caiibration soiutions in positions 1 to 5 of 
the Sample turntabie as indicated in tabie 1. 

Table 2 - Volumes of Standard solution for use 
in the preparation of the calibration solutions 

Standard solution 

Volume of 
Standard 
soiution 

for dilution 
to 1 litre 

Ammonium 
nitrogen 

concentration, 
@NI of 

calibration 
Solution 

ml mg/1 

4.6 (eN = 1 000 mg/11 50 50 
40 40 
30 30 
20 20 
10 10 
5 5 
2’5 2’5 

4.7 (@N = 20 mg/l) 50 1 
40 03 
30 0,6 
25 0’5 
20 0’4 
10 02 
5 0’1 
23 0,05 
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At the end of the determination, measure the System response 
to the caiibration soiutions from the recorder trace, taking the 
baseiine trace obtained during initial sensitivity setting (see 7.2) 
as the blank response vaiue. 

Plot a graph of response against ammonium nitrogen concen- 
tration, @N, expressed in miiiigrams per iitre. This graph shouid 
be linear and shouid pass through the origin. 

8 Expression of results 

8.1 Method of calculation 

Measure the System response to the sampies from the recorder 
trace, taking the baseiine trace obtained during initial sensitivity 
setting (see 7.2) as the blank response vaiue. Read off the cor- 
responding ammonium nitrogen concentration, @N, expressed 
in miiiigrams per iitre, from the caiibration graph. 

if the responses from the blank or caiibration soiutions inciuded 
on the turntabie show any drift of the baseiine and/or caiibra- 
tion response, appiy a correction for the Change in sensitivity 
thus reveaied. 

See tabie 3 for conversion of eN to ammonia and ammonium 
concentrations. 

Table 3 - Conversion table 

e N = 1 mg/1 1 1,216 1,288 71'4 

l?N+ = 1 W/l 0,823 1 1,059 58'7 

@NH; = 1 mgll 0,777 0,944 1 55,4 
~(NH:) = 1 pmOl/l 0,014 0,017 0,018 1 

Example: 

An ammonium ion concentration, QNH~, of 1 mg/i corresponds This controi Standard soiution shaii not be used for caiibration 
to a nitrogen concentration of 0,777 mg/i. purposes. 

8.2 Reproducibility 

Reproducibiiity Standard deviations have been determined as 
shown in tabie 4. 

9 lnterferences 

A range of substances often encountered in water sampies has 
been tested for possibie interference with this method. Of these 
oniy iron and ethanoiamine Cause significant effects. Fuii 
detaiis are given in the annex. 

in Saline sampies, interference from magnesium precipitation 
arises when the compiexing capacity of the citrate in the 
reagents is exceeded. in this case preiiminary distiiiation is 
necessary (sec ciause 11). 

10 Notes on procedure 

10.1 General 

The determination of iow concentrations of ammonium is par- 
ticuiariy susceptibie to bias caused by the presence of traces of 
ammonium in the anaiyticai environment. Whiie carefui atten- 
tion to all the instructions given in this part of ISO 7150 shouid 
minimize this susceptibiiity, the possibiiity of biased resuits re- 
mains. A method for obtaining an indication of possibie bias is 
given in 10.2. 

10.2 Checking the accuracy of analytical results 

When this method is first used, obtain an estimate of the total 
Standard deviation (with at least 9 degrees of freedom) on the 
determination of a controi ammonium nitrogen soiution stan- 
dard with a concentration of approximateiy 50 % of that of the 
most concentrated caiibration soiution. 

Table 4 - Reproducibility Standard deviations” 

Sample 

Ammonium 
nitrogen 

concentration, eN 

Calibration 
range 
as @N 

Reproducibility 
Standard 

deviation, s 

I mg/1 I mg/1 I mg/1 

Standard soiution 
Standard solution 
Pota ble water 

0’1 0,007 
0'4 0'5 0,038 
02 0,011 

Standard solution 
Standard solution 
Polluted river water 
Sewage eff luent 
Sewage effluent 

5'0 0,ll 
40,o 0'16 
11,2 50 0,13 
20'2 0'40 
29’1 0'26 

* Data from the United Kingdom. 
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Analyse one Portion of the controi Standard soiution with every 
subsequent batch of determinations; perform the caiibration 
with a series of caiibration soiutions (7.4). it is essential that the 
determined concentration of this controiied Standard soiution 
iie within the concentration range 

The test Sample thus prepared tan then be anaiysed as de- 
scribed in ciause 7. However, the resuit will be the concentra- 
tion of ammonium nitrogen in the test Sample. The concentra- 
tion in the original Sample is given by the formuia 

where where 

QN is the concentration of the soiution; 

s1 is the predetermined Standard deviation for the controi 
Standard soiution. 

@Nl is the resuit on the test Sample; 

VI and V2 are as defined above. 

if this criterion is not attained in any batch of anaiyses, the 
reasons for the bias thus reveaied shaii be investigated, and the 
batch of anaiyses shaii then be repeated. 

12 Test report 

The test report shaii inciude the foiiowing information: 

After at least 20 more determinations of this controi Standard 
soiution have been made, with all vaiues compiying with the 
above criterion, use those vaiues to recaicuiate the vaiue of s1 
for subsequent use. 

a) a reference to this part of ISO 7150; 

b) all information necessary for compiete identification of 
the Sample; 

Cl detaiis of the storage and preservation of the iaboratory 

11 Special cases 
Sample before analysis; 

if sampies are excessiveiy coioured or Saline such that errors are 
iikeiy in the absorbance measurements or such that in- 
terference from high concentrations of magnesium or chioride 
is iikeiy, a test Sample shaii be prepared by distiiiation. The pro- 
cedure given in ISO 5664 shaii be foiiowed, but note that coi- 
iection of the distiiiate shaii be made in 1 % (Vl V) hydrochioric 
acid. The distiiiate shail then be neutraiized and made up to a 
measured voiume, V2, in miiiiiitres. The voiume of Sample taken 
for distiiiation, VI, in miiiiiitres, shaii also be noted. 

d) which manifoid configuration (figure 1 or 2) was used 
for the analysis; 

e) a Statement of the repeatabiiity achieved; 

f) the resuits and the method of expression used; 

g) detaiis of any operations not inciuded in this part of 
ISO 7150, or regarded as optional, together with any cir- 
cumstance that may have affected the resuits. 
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Waste 4 - 7,62 mm 

Sample rate: up to 50 per hour 
Sample to wash water (4.1) ratio : 2: i Coil _t 

5 turns 
3’5 * 0,5 min 

Coil5 turns (3,0 + 0,5 min) 

Coil5 turns (2,0 * 0,5 min) 

jbuB;ns(23 * 5 min) rWastee 

Coils 15 mm diameter 
2 mm bore 

Other coils with similar mixing 
and delay times are 

Flowceil 
Spectrometer 650 nm . . . Recorder 

I 
accepta ble I 

Figure 1 

Sample rate: up to 50 per hour Pump 

Sample to wash water (4.1) ratio: 2: 1 ml/min 

Pump 
ml/min 

0,32 

0’23 

- Air 

-Citrate (4.2) 

0,32 
i 

Sample 

0,42 - Citrate (4.2) 

0,32 -Air 

0,32 1 Water (4.1) 

0,42 - Salicylate (4.3) 

0’32 - Dichloroisocyanurate (4.4) 

1’00 Exhaust 

Coils 
-70 turns 4 

(25 -t 5 min) 

- 20 turns w- 
Coils 

(9,0 I!I 0,5 min) 

k waste- 
Debubbler 

Coils 15 mm diameter 
2 mm bore 

Flowcell 
Spectrometer 650 nm . . 

Other coils with similar mixing , 
and delay times are 
‘accepta ble 

Recorder 

0,32 Air 

0’60 Sample 

0,32 - Salicylatelcitrate (4.5) 

0’23 - Dichloroisocyanurate (4.4) 

l,oo Exhaust 

6 Figure 2 
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Annex 

The effect of other substances on ,ON* 
(This annex forms an integral part of the Standard.) 

The effect of other substances on this method, using the manifold configuration shown in figure 2 (ammonium nitrogen concentra- 
tion range up to 0,5 mg/i), is shown in table 5. 

Table 5 - The effect of other substances on @N 

Substance 

Sodium chloride 

Sodium hydrogencarbonate 

Sodium sulfate 

Sodium orthophosphate 

Sodium silicate 

Sodium nitrate 

Sodium nitrite 

Potassium fluoride 

Potassium cyanide 

Calcium chloride 

Magnesium acetate 

Iron( II) sulfate 

Iron( Ill) sulfate 

Manganese( II) sulfate 

Zinc sulfate 

Copper sulfate 

Lead acetate 

Aluminium sulfate 

Urea 

Ethanolamine 

Triethylamine 

Concentration of substance 
las eBl 

eg** mg/l 

@Cl 2500 

@lico, 1000 

@so, 1 000 

Effect of substance on eN 
Actual*** @N (mg/l) 

0,000 0,400 

0,000 -0,010 

+ 0,010 + 0,030 

- 0,005 + 0,040 

* Data from the United Kingdom. 
** lonic charges, if any, have been omitted. 

*** If other substances do not interfere, the 95 % confidence limits would be 

Concentration, @N (mg/l) 0,000 0,400 

95 % confidence limits (mg/l) Ik 0,015 * 0,045 
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