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Abstract

Part I1I of the programme of interlaboratory comparison studies
involving South African laboratories engaged in water analysis is
concerned with nutrient analysis. Evaluation of the results of the
study showed that acceptable values were generally obtained for
the six (Kjeldahl, ammonia, nitrate and nitrite nitrogen; and
total and ortho-phosphate) constituents determined. In parti-
cular, nitrate and nitrite nitrogen results showed good accuracy
and precision. Kjeldahl nitrogen and total phosphate analyses
were characterized by the wide variety of procedures used for
the digestion of the samples. Several different methods, both
standard and non-standard, were also used for the determina-
tion of nitrate nitrogen. For purposes of standardization and
comparison, the use of only current and recognized standard
methods was recommended.

Introduction

In continuation of the programme of interlaboratory compari-
son studies involving South African laboratories engaged in
water analysis (Smith, 1977, 1978), part III is concerned with
nutrient analysis (i.e. Kjeldahl, ammonia, nitrate and nitrite
nitrogen, and total and ortho-phosphate). The results obtained
and the analytical methods used by the seventeen laboratories
participating in the study are summarized and evaluated in this
paper.

Sample Preparation

Each participating laboratory was supplied with two 500 m!
samples, the procedure for the preparation of which was as
follows:

Calculated amounts (based on a 100% purity value) of the
following AR (or equivalent) grade chemicals were carefully

weighed out and dissolved in known volumes of deionized dis-
tilled water: Glycine, ammonium chloride, potassium nitrate,
sodium nitrite, potassium dihydrogen phosphate, and B-
glycerophosphoric acid disodium salt. After vigorous mixing to
ensure complete homogeneity, the solutions were diluted to the
required concentrations and 500 m! aliquots taken for each
laboratory.

The samples were contained in 500 m/ polythene bottles,
which, prior to addition of the sample solutions, were treated,
along with their plastic caps, as follows:

1.  Soaking for 24 h in a 100 m/ ! ~} Contrad cleaning solu-
tion, followed by rinsing with deionized distilled water.

2. Soaking for 24 h in a 100 m/{ ~" hydrochloric acid solu-
tion, followed by rinsing with deionized distilled water.

3. Rinsing with sample solution.

Both samples were preserved by the addition of 1 m/of a 10 g
! =" of AR grade mercuric chloride per litre of sample.

Analyses Requested
Samples 1 and 2: Kjeldahl nitrogen
Ammonia nitrogen
Nitrate nitrogen
Nitrite nitrogen
Total phosphate
Ortho-phosphate

Each laboratory was supplied with a table giving the con-
centration ranges of each constituent, and allowed complete
freedom of choice as to the analytical procedures to be em-
ployed. It was also requested that references to standard me-
thods, or copies of the methods used to carry out the various
analyses, should be submitted with the results. A period of one
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TABLE 2

SUMMARY OF RESULTS FROM ANALYSIS OF SAMPLE 2
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ASSESSMENT OF RESULTS
Lab Kjeldahl N | Ammonia N | Nitrate N Nitrite N Total P Ortho P Totals
ab.
No.l ,» B C|A B C/|A B C|A B C|/A B C|A B C|A B C
112 — _1le¢ — —|2 - ]2 — —|2 — —]l2 — —j12 - -
2 2 — — 2 — — — 1 1 — 2 — — 1 — — 2 4 4 4
3 S S (N [N RSN U
4l e - |2 - —11 1 —|2g — —|2 - -2 — —(11 1 =
5| - — |- - -1l - -1 1 —|- = —]l2 - —-|5 1 =
6 s - _|lg - |- 2 —-12 - —-]l2 - —-]2 - -0 2 -
7 — 2 — 2 - - 2 - - 1 1 — 2 - = 1 1 — 8 2 —
8 _ - -]l - —-]l2 - —-]l2 - |- - —-]2 - -8 - -
9 1 1 - - - 2 1 1 - - -2 - -]12 - —-|8 2 2
10 9 - -2 - —-12 - —|- 1 1{ -~ — —|l—= = =168 1 1
11 9 _ _—_|lg - —]l2 - —-l2 - —-|=- - —-|- 2 -8 2 -
12 — 1 1 2 - - - —-l2 - -] - = =11 1 - |7 2 1
132 — -2 - —|1 1 —{2 — —|2 — —t2 — —|11 1 =
1wl e - —leg — —j2 — |1 1 —|- 2 -2 - —-|9 3 -
Bl - — 2 9 — —|l2 - —-12 - —-|- - —-]l2 - —-18 - 2
6| - — —| - — 12 - |2 - -}1- = -]- - 2 4 —- 2
17 - — - - 1 1i— 2 =11 1 - - - = 2 —11 6 1
Totals| 17 4 3 24 1 3 23 8 1 24 7 1 12 3 1 20 6 41120 29 13
A = Results between mean and + 1 standard deviation;
B = Results between + 1 and + 2 standard deviations;
C = Results outside + 2 standard deviations
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points should fall into each of the four quadrants. In practice,
however, this rarely occurs; most graphs of this nature show the
majority of points falling in the upper right or lower left qua-
drants, suggesting that systematic errors consistently produce
high or low results. Each quadrant identifies different effects
which influence a laboratory’s results. In general, results in the
upper right or lower left quadrants are indicative of the pre-
sence of systematic errors, for example poor instrument cali-
bration, inaccurate standards, faulty technique etc. Results in
the upper left or lower right quadrants are inconsistently af-
fected, and may be due to human errors such as those caused by
mistakes in the calculation, recording, or reperting of the
results. (Greenberg et al., 1969).

Figures 1 —6 represent Youden graphs of the result pairs
obtained by each laboratory for the six constituents studied. In
all cases, most of the plotted points fell in the upper right or
lower left quadrants, indicating a predominance of systematic
errors.

For all constituents, good agreement was obtained be-
tween ‘mean’ and ‘true’ values, and the results in general, show-
ed good accuracy and precision, particularly those for nitrate
and nitrite nitrogen. (The ‘true values’ given in Tables 1 and 2
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and shown on Figures 1 to 6 are based on the theoretical values
calculated from the amounts of the reference chemicals added.)

Method Evaluation
Kjeldahl nitrogen

Recognised methods available for the determination of this con-
stituent include:

Manual

After digestion with sulphuric acid, potassium sulphate, and
mercuric sulphate, the sample residue is made alkaline with a
sodium hydroxide — sodium thiosulphate solution. The am-
monia produced is distilled into a boric acid solution and de-
termined either colorimetrically, titrimetrically, or potentio-
metrically (APHA, 1975, EPA, 1974).

Automated

After digestion either as for “manual”’ or with a mixture of
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sulphuric acid, perchloric acid, and selenium dioxide, the solu-
tion is treated with sodium hydroxide, phenol, sodium hypo-
chlorite, and sodium nitroprusside, to form a blue colour, desig-
nated as indophenol blue (EPA, 1974).

The twelve laboratories who carried out this determi-
nation used either automated or manual methods similar to the
above, with certain modifications, as shown in Table 4.

The analyses were characterized by the wide variety of
digestion procedures employed, no less than eight different
variations of reagent mixtures being described, in addition to
three methods for the determination of the distilled ammonia.
As stated earlier, current standard methods stipulate the use of
either selenium dioxide or mercuric sulphate as the catalyst in
the digestion process. Copper sulphate, mentioned in earlier
editions of ‘Standard Methods', has been replaced by mercuric
sulphate, as better recovery of certain organic nitrogen com-
pounds is obtained using the latter. Selenium dioxide, while giv-
ing high recoveries, cannot be used in combined automated
total nitrogen and total phosphorus determinations, owing to
precipitation of the selenium on addition of reducing agent to
form molybdenum blue. Vanadium pentoxide, although not
giving as high recoveries in some cases, has been recommended
for these combined analyses (Gales and Booth, 1974).

Ammonia nitrogen

All six laboratories who carried out this determination by auto-
mated techniques used the standard phenate method, in which
the sample is treated with sodium hydroxide, phenol, sodium
hypochlorite, and sodium nitroprusside, to form a blue colour,
designatéd as indophenol blue (APHA, 1975; ASTM, 1975;
EPA, 1974).

One laboratory determined the ammonia nitrogen ma-

nually by means of the ammonia ion-selective electrode, but ob-
tained relatively low results. The same laboratory also used the
electrode technique to determine the ammonia in the distillate
for the Kjeldahl nitrogen analysis, and again obtained low
results. The possible presence of some significant determinate
error is therefore indicated.

The remaining seven laboratories who carried out the
determination manually, used distillation procedures involving
the distillation of the ammonia from either an alkaline medium,
or from an unbuffered solution, or, as stipulated in the 13th and
earlier editions of “Standard Methods”, from a phosphate buf-
fered solution of pH 7,4 (APHA, 1971). None of the partici-
pants used the procedure given in the 14th and latest edition of
“Standard Methods”, ir which the sample is buffered before
distillation at pH 9 with a borate buffer, in order to decrease
hydrolysis of cyanates and organic nitrogen compounds (APHA,
1975).

Nitrate nitrogen

Eight laboratories carried out this determination by automated
techniques. Of these, three used the cadmium reduction me-
thod, in which the sample is passed through a granulated
copper-cadmium column to reduce nitrate to nitrite, which,
along with the nitrite originally present, is determined by diazo-
tising with sulphanilic acid and coupling with N-(1-naphthyl)-
ethylene diamine dihydrochloride to form a red colour suitable
for photometric measurement. The original nitrite value is ob-
tained separately by omitting the reduction step. Nitrate is then
obtained by difference (APHA, 1975; EPA, 1974).

Another three laboratories used a similar method except
that nitrate reduction was effected by hydrazine sulphate. The
other two laboratories employed a method evolved by Holz and

TABLE 4
EVALUATION OF METHODS USED FORB KE_:]ELDAHL—NITROGEN DETERMINATION
Lab. No. Manual or Digestion procedure Ammonia determination
automated after distillation
1 Automated H,S0, HC10,, SeO, Colorimetric (Indophenol)
2 Manual H2SO4, K2504, HgSO4 Titration
4 Automated H,S0,, HC10, Colorimetric (Indophenol)
6 Automated H,S0,, HCIO,, V,0, Colorimetric (Indophenol)
7 Automated H2SO4, K,S0,. HgO Colorimetric (Indophenol)
9 Manual HS0,, K,50,, HgSO, NH, selective ion electrode
10 Manual H,SO, Titration
11 Manual H,S0,, K50, HgSO, Titration
12 Manual HZSO4, K2504, CuSO, Titration
13 Manual HZSO4, K2SO4, CuSO4 Titration
14 Manual H,50,, CuSO, Titration
15 Manual H,50,, CusO, Nesslerization/spectrophotometer
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TABLE
EVALUATION OF METHODS USED FOR TO?TAL PHOSPHATE DETERMINATION
Lab. No. Manual or Digestion Orthophosphate determination
automated procedure

1 Automated H,SO, (manual) Ascorbic acid reduction method

2 Automated HC10,, HNO, (manual) Ascorbic acid reduction method

4 Automated H,S0,, K,5,0, (manual) Ascorbic acid reduction method

6 Automated HZSO4, H(1104, V2O5 Ascorbic acid reduction method

7 Automated HZSO4, K2504, HgO Ascorbic acid reduction method

9 Manual H2504, (NH4)2 5208 Ascorbic acid reduction method; spectro-
photometer

13 Manual H,S0, Ascorbic acid reduction method; spectro-
photometer

14 Automated H,SO,, HCI (manual) Ascorbic acid reduction method

Kremers (1970), wherein a rhenium-nitrate complex is formed
in the reaction between potassium perrhenate, stannous chlo-
ride, diacetyl monoxime, and the nitrate in the sample. Un-
reacted rhenium forms a reddish-brown Re-damo couple, which
can be measured photometrically.

The cadmium reduction method is considered to be
superior to the other two methods, as well as being the only one
of the three described in recent recognized standard procedures.
It has been found that, for optimum results, a concentration of
13 to 15 mg ! ~' of hydrazine sulphate must be used, otherwise
low nitrate values may be obtained, while use of potassium per-
rhenate rapidly results in the formation of deposits on the walls
of the flow cell, with resulting reduction in light transmittance
(Siebert, 1977).

The remaining eight laboratories carried out manual
determinations of this constituent. Of these, one used the De-
varda’s alloy reduction method, in which nitrate and nitrite are
reduced to ammonia under hot alkaline conditions in the pre-
sence of Devarda’s alloy. The ammonia formed is trapped in a
receiving flask containing boric acid solution and is determined
by nesslerization or titration. (APHA, 1975; Government Ga-
zette, 1969). Another laboratory carried out a direct determina-
tion using the nitrate ion-selective electrode (APHA, 1975). A
third laboratory used a method involving the photometric
measurement of the yellow colour produced in the reaction bet-
ween nitrate and phenol disulphonic acid. (This procedure ap-
peared in the 13th edition of “Standard Methods”, but is ex-
cluded from the latest edition). The other five laboratories
employed the “sodium salicylate method” in which the yellow
colouration obtained by the addition of sodium hydroxide to the
nitrososalicylate formed in the reaction between nitrate and
salicylic and sulphuric acids is measured photometrically at 410
nm (Carow and Raquet, 1936; Muller and Widemann, 1955).
Again, despite the popularity of this method, it is not mentioned
in current recognized standard procedures.

Nitrite nitrogen

The seven laboratories that determined this constituent by

automated techniques and the nine carrying out the detérmina-
tion manually all used basically the sulphanilic acid method.
This method involves the photornetric measurement of the in-
tensity of the reddish purple colour produced at a pH of 2 to 2,5
by the coupling of diazotised acid with
N-(1-naphthyl)-ethylene diamine dihydrochloride. Measure-
ment is made at 520 nm (ASTM 1975; Government Gazette,
1969) or 540 nm (EPA, 1974) or 543 nm (APHA, 1975).

sulphanilic

Total phosphate

Only eight laboratories (six by automated and two by manual
methods) carried out the determination of this constituent. As
in the Kjeldahl nitrogen determination, a wide variety of di-
gestion procedures was employed, the eight laboratories be-
tween them using seven different digestion mixtures (Table 5).

However, all eight laboratories used the same procedure
for the determination of the ortho-phosphate after digestion,
ramely the ascorbic acid reduction method, which involves
treating the digested sample with an acid mixture of ammonium
molybdate and potassium antimonyl tartrate. Phosphomolybdic
acid is formed which is reduced to intensely coloured molybde-
num blue by ascorbic acid (APHA, 1975; ASTM, 1975; EPA,
1974).

The current 14th edition of “Standard Methods” stipu-
lates that, depending on the severity of oxidation required, the
sample should be digested using either perchloric-nitric acid,
sulphuric-nitric acid, or ammonium persulphate-sulphuric acid
digestion mixtures, in order to convert the phosphorus present
in the sample in various forms to soluble ortho-phosphate
(APHA, 1975).

Ortho-phosphate

Of the fifteen laboratories determining this constituent (nine by
automated and six by manual methods), thirteen employed the
standard ascorbic acid reduction method previously described.
One laboratory used hydroquinone instead of ascorbic acid to
effect the reduction of the phosphomolybdic acid. The remain-
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ing laboratory used the sulphonic acid method, wherein the
sample is treated with an acid mixture of ammonium molyb-
date, 1-amino 2-naphthol -4 sulphonic acid, sodium metabisul-
phite, and sodium sulphite. The blue colour produced is mea-
sured photometrically at 690 nm (Government Gazette, 1969).

No significant differences were found in the precision or
accuracy between manual and automated methods for any of
the six constituents studied.

Conclusions

Only 8% of the results submitted could be regarded as unac-
ceptable. The results, in general, exhibited a good degree of
precision and accuracy.

No less than eight different digestion procedures, as well
as three methods for the determination of the distilled ammo-
nia, were used for the Kjeldahl nitrogen analysis.

In the ammonia nitrogen analysis, most of the labora-
tories that carried out the determination manually by a distilla-
tion process, either distilled the ammonia from an unbuffered
solution, or from a phosphate-buffered solution of pH 7,4. Re-
cent standard texts stipulate distillation from a borate-buffered
solution of pH 9.

A wide variety of methods, both standard and non-stan-
dard, were employed for the nitrate-nitrogen determination.
The cadmium reduction method is preferred for automated
analysis of nitrate. In the case of nitrite-nitrogen, however, all of
the participants used basically the same standard sulphanilic
acid procedure.

A wide variety of digestion procedures was also employed
for the determination of total phosphate, although all eight
laboratories participating in this analysis used the standard as-
corbic acid reduction method for the determinations of the
ortho-phosphate after digestion. This method was also used by
all but two of the fifteen laboratories that performed the ortho-
phosphate analysis.

Although acceptable results were obtained in most cases,
it should be emphasized that synthetic samples were used for the
study. It is very possible that some of the methods employed may
not give as good results with natural water and wastewater
samples, particularly those containing organic nitrogen and
phosphorus compounds.

For increased reliability of results, therefore, as well as for
purposes of standardization and comparison, consideration
should be given to the use of only recognized and updated stan-
dard methods of analysis.

The results obtained from this study should assist each
participating laboratory to assess the effectiveness of their
analytical procedures-and the comparative reliability of the
results obtained therefrom.
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