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ABSTRACT

An indophenol blue procedure with combined internal and external standard
type calibration is described., It gives reasonably accurate and precise
measurements of ammonia concentrations in polluted waters of the types encoun-
tered in fish rearing tanks and in natural sea water, While both amine apd .. '
~nitrite interfere in this reaction, ard éonsiderably so in those not too frequent :5u$$f

cases where their concentrations exceed the ammonia concentration on a nitrogen
atom basis, the interference from both, and from the products which may be formed
when the two are present together, is of an indirect "suppressing" type'and not
of a direct type in which the IPB can be produced other than from the ammonia
nitrogen. Such interference .can therefore be dealt with quite satisfactorily

by the use of internal standards,

INTRODUCT ION

Measurements of ammonia in sea water, including polluted areas of the sea
end, in particular, water used in fish rearing and fish farming, are of importance '
in both nutrition and toxicity sfudies. The sensitivity needs to be high in
some cases, e.g. to follow algal and other systems in which ammonia may be a
growth limiting nutrient. In other cases reasonable accuracy is essential
since the ammonia toxicity threshold of fish is quite sharp. It is also
convenient for the method to be able to operate in fresh water, since in fish
rearing the fish may be transferred from one medium to the other. The pollutants
may vary widely, but those which are most likely to interfere are nitrogen
containing compounds, such as amines gnd amino acids, which may either participate
in the chain of reactions employed in ammonia measurenment, diverting it, or
break down to produce ammonia. HydrogenAEﬁlphide, often present in anoxic waters,
is known to interfere and must be removed, (Anderden and” Rey, 1972).


iud
Thünen


Most current methods depend on attack of the armonis molecule with chlorine,_
and conversion of the product through a series of intermediates to, build. up tho
nitzogen into a fairly Targe molecule which can be measured colorimetrically 7
Thia approach 18 convenient since the simple procedures, which can be developed
_ using'generally avallable instruments, are suitable for rapid measurements on
the numerous samples required to characterlse an area which may he eubject to e
rapid natural change, and can be applied before bacterically or otherwise
induced extraneous changes occur. However, it has the disadvantare of not.being

self-checking, and since many kinetic factors are involved, requires careful

control and calibration, the more so when interfering oollutants are preeent.'
Several types of reaction produclng chromophores have been used in ammonia

measurement e.g. reactions leading to formation of a complex of bis—(B-methyl-I-

phenyl-s-pyrazolono) (Strickland ond ﬁustln, 1959, Johns»one, 1966), and to one

of’ sﬁlphanilamide coupled to N;(I—naphthyl)-ethylene dlamine (Rlchards and Kletsch,

-1964, Mateunaya and lehlmura, 1974) ’ Unfortunately all are multl—stape; In"

rocent years the indophenol blue (IPB) reaction has becn favoured as the oaeie .

Juofpmost procedures because of 1te pec1f101ty.' Thls 1nvolves converoion of the

emmwnie_to monochloramlne au a sultable P, 9. 7 to 11 o5 (nn ie 8. 1, looces occur
;”above pH 1. 5 due to conversion to dlchloranlne,vnltrlte etc) The monochloramine
'”then reacts Wlth phenol or salxcvcllc acid to form IPB throubh a ser1es of
intermedlates such as qulnone chlorlmlde. Absoroance due to IPB is measured at

640 nm.; Harwood and Huyser, 1970 and Harwood and Kahne, 1970, found ‘sodium :'

nitroprusside was a more ef fectlve catalyst than acetone, used prev1ouoly.:; Ly

Koroleff, 1970, used sodium nitroprusside with colour developmcnt in the dark,

otherwise high blanks developed. The reaction was rather slow and he noticed

marked"suppreselon" of response Vhen hlS procedure was applied to polluted vaters

. of the Baltic Sea., Undoubtedly a faster main reaction would miniml e side effects.

A’.{“Solarzano, 1969 uslng e similar method to Koroleffs' employed a citrate buffer .
to prevent preclpltatlon of magne51um hydrox1de at’ the high pH requlred for the

IPB reaction to g0 raoldly towards completion. Degobbls, 1973, studying temperature

effects on reaction rate 1n a’ 1m11ar SJstem, recommended 25° to 45°C,  Dal Pont

et al.. 1974, 1mproved on Solar zano' s ‘method by mcreas:.nu ‘the clcrate concentration

J.and the sodlum hydroxzde to get a correct pH adgustment for the 1ndonhenol blue
'.011dation (10 4 to 10. 5) without any precipltate formatlon. They also subjected

_the reactlon mlxture to a perlod at high temoerature ( C) to hasten colour

development._ The maln recent 1mprovements were due to Liddlcoat leb1tts and

source of chlorme than hypochlorlte (as did Dal Pont et al) and ‘subjected the
reactlon mixture to UV irradiation instead of working in the dark. The ferro-

‘cyanide gave a much lower blank absorbance at 640 nm. It is clear that some



nitrogen from the nitroprusside catalyst of the earlier procedures enters the
IPB molecule. In the absence of this wayward nitrogen, the reaction can be
conveniently accelerated by photon energy instead of having to be retarded in
the dark. However, Liddicoat et al appeared unaware of Dal Pont et al's work,
both being done at the same time. ey

Serious colour suppression had been noted when IPB type methods such as
those of Koroleff and Solarzano had been applied to fish rearing tank waters
in the Lowestoft Laboratory. The method described here, which combines Liddicoat
et al's use of ferrocyanide catalyst and UV irradiation with Dal Pont et al's
precise pH control, aims at exact control of all conditions of temperature,
reagent concentrations and ionic activities and UV irradiation to get stability
and reproducability as far as possible in a kinetic system. A combination of
external and internal standard calibration was used to deal empirically with
reagent blank and all types of interference effects excepé direct ones (if any).
Temperature was held at 30° * 1°C, thus differing from Dal Pont et al., to avoid
alkaline hydrolysis of amino acids to ammonia, a process which has been shown to
occur extensively at higher temperatures (Grasshof and Johanssoen, 1974). Instead
the reaction was selectively accelerated by activation enerry derived from UV

radiation.

PROCEDURE

50 ml samples were Tiltered through gless fibre paper (Whatman GF/F) into
150 ml pyrex conical flasks., The following solutions were added in this order,
with mixing between each addition:-

1. 2,00 ml of 105 vhenol (A.R.) in ethanol (A.R.).

2 5.00 ml of chlorinating agent: to make this

A, Dissolve 200 mg sodium dichloro isocyanurate (C3 Cl2 N3 03 Na)
in about 10 ml of water containing 3.2 g of sodium hydroxide
(1.R.)- dissolved and cooled.

B. Dissolve 40 g of tri sodium citrate (A.R.) in 80 ml of water,
(ombine A and B, and make up to 100 ml with water.

3,  2.00 ml of 0.5 solution of potassium ferrocyanide (1.R.). All
solutions were freshly prepered each day using glass distilled
deionized water.

The flasks were covered with pyrex or polystyrene covers, and maintained
at 30°C £ 1°C on a thermostated hot plate covered with a reflecting surface.
All flasks were irradiated wniformly with UV light (e.g. by exposing at T+ m
below an array of two "“llen" 365 nm UV lamps model A 409, each having two
8", 15 watt tube type elements before a reflector). The absorbance was

measured at 640 nm after at least 40 minutes. Internal and external calibration



lines were prepared for each sample by addlng known- addltlone of’ standard ammonium
sulphate solution.p "Low ammonla" sea water was used for the external standard ‘
lines, and’ for sample dllutlons when necessary -to obtain SUltable absorbance
t.readings (1, 2 4 or 10 on cuvettes were selected) When fresh water was analysed
“““sea water 1onic condltlons were produced when desired, by addltions of - pure
reagents (Internal and external standards must be in the same: medlum.). Sample
and reagent blank measurements were derlved fronm the- intercepts. Three to five

i sets of absorbance measurements were made at, say, hourly 1ntervals. Good .
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pr901810n could be obtalned 1n th1s way, by taking mean ammonla values. St

PERFORMANCE = = SR o
w41l colour development 1a essentlally complete in 40 mlnutes, and remains. .
reasonablv constant for many hours.‘ A single set of measurements may be made
at any time after 40 mlnutes, though better preclslon is obtalnable by. averaging

several sets - L c . e e . .
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' S About - 3p coeff1c1ent of varzatlon 1s obtalnable Wlth care and good

VY *1nstrumentatlon at anmonla concentratlons above 0. 1 prm N. In routine daily
“use*for- ammonla measurements 1n flsh rear1ng tank water using simple instrumentation,
“the " pre0131on was ‘as’in Table 1 L e ‘
Comparisons were made between this IPB method and an ammonia gas electrode
(E.I.L. model 8002-2, used with Radiometer model PHM64 pH/pX meter) on & series
of_aerated fish tank waters and on.near anoxic sea waters pumped’ from 30 feet
below the beach' both were llkely to contain organic nitrogen comnounds and '
"nitrlte. Ammonla measurement by the electrode is expected to be free of- inter-
ference except from s1mple semi-volatile amines, - which may penetrate the membrane
and cause erroneously hlgh ammonia values. The electrode was used with modific-
atlons to the inner fllllng solution for .use in sea water as recommended by the
makers, and w1th the recormended.high pH buffer. ‘The latter was mixed with sea .
water on an equal volume basis, because ‘some preclpltatlon occurred at the
recommended 1: 2 ratlo ‘with apparent loss of ammonie,- perhaps.as insoluble magnesium
ammonium phosPhate.J There is excellent agreement between the two methods (= 452)
at ammonia concentratlons in the undiluted sea water ‘above .0, 3 prm N, but at
concentratlons down. to 0.1 ppu sore apparently randon dlfferences occur as the
limit of detectlon of the electrode is approached, .1 . -
A 11near absorbance/concentration rolatlonshlp is obtained w1th about 1 absorb—,
Aance unlt from O ! ppn anmonia N when 10 cm cuvettes are used; - Reagent blanks were

e"UIvalent to about ,0.01 ppn ammonla N., The detection limit of ammonla 'in fresh

- . R

water or sea water 1s about 001 to 002 ppna N,

The method has proved sultable for use at sea on research vessels. S
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’ INTERFEREN&ES _ , :
. Investigation of interferences was then carried out, attempts being made
" to ident1fy causative compounds, and to elicit 1nformation about the charact-
“eristics of interfering reactions. ‘Discrimination between direct and "suppression"
" type. interference was made since the latter can be dealt with in’ principle, e.g.
by control of conditions or by yield tracing, while the former cannot, The
procedure was tested in the presence of some interferants both in ‘the laboratory
with fish tank waters, and at sea in polluted estuaries, and areas of high and
- low plankton density. : ‘ :
Simple allphatlc anines - pr1mary, secondary and tertiary, which may be
derived from excretary products or bacterial or autolytic decompositiou products
of fish and of many other organisms were consldered to be likely interferants in’
the ammonia-indovhenol blue reaction. They are more readily attacked'by chlorine
‘than is ammonia as a result of the enhanced nucleophilicity of the nitrogen atom,
" and the resulting products have structures which might participate at various
stages in the chain of reactions leading to IPB; ‘

' The methyl and ethyl primary, secondary and tertiary amines were examined
for possible interference in the ammonia*IPB reaction by allowing the reaction
to take place in pure sea water containing a known addition of ammonia convenlent
for measurement (0.40 ppm ammonia N), in parallel paired experiments with and
without a known sddition of each amine in turn. The amines were present at
100 fold excess over the ammonia, all concentrations being expressed on a N
atom basis, All the amines suppressed the indophenol blue reaction wlth ammonla |
'very strongly, and in the general order .
prlmary anines < secondary amines < tertiary amlnes. _

It may be noted that with amines at these concentrations (and elso iﬁ fact at-
ten-fold higher concentrations) the concentrations of the reagents used in the
reaction are not significantly affected. ‘

" The nature of the interference was then investigated in more detail using
one of the amines only, dimethylamine, chosen because the nitrogen dimethyl
group constitutes a component part of the indophenol blue molecule,

. CHy - . L
0= =N— O—N<CH3 Indophenol Blue
. : 23 o

-
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The effect of varying concentrations of amine in the range O to 1000 ppm N T

on the IFB response to ammonia was investigated using pure sea water ‘containing
0.40 ppm ammbnia'N. The response of the IPB reaction to ammonia in the presence
of amine was expressed as a percentage reductlon in colour (Figure 1) Very strong
uuppre381on is noted even at low amine concentratlons, and with even the IPB
formation from the reagent blank suppressed at amine concegtratlons above 25 ppum N,
HNumerical analysis of the type of relationship between amine concentration and

IFB response to ammonia suggests a third, or possibly fourth power polynomial
function (as distiﬂct from a simple power or exponential relationship), This is
consistent with only a small or slight suppression effect when ammonia is present
in excess, but a very strong suppression of progressively increasing intensity as

soon as amine becomes present in excess. It may also imply the molecularity of

the process. (Nuﬁber of atoms of .amine N reacting with a molecule of "intermediate").

4 None of these amines gave any IPB response when pure sea water (ammonia free),
to.which they had been added, was subjected to the standard analytical procedufe.
Consideration of means of preventing this interference by destruction of the

aﬁines, or by their conversion to non-interfering substances leads to the idea of

treatment with nitrous acid or nitrite. In this way the primary amines may be

'”converted to non-interfering alcohols, the secondary amines to nitroso compounds
N (whose behav1our in the IPB reaction would need investigation), and the tertiary

‘amlnes to a m1xture of nitroso compound and alcohol, It has generally been thought

that nitrite in moderate amounts does not in any way affect the ammonia?*IPB reaction.

‘It has been the custom to use most of the above mentioned IPB procedures for anmonia

measurements in waters which are known to normally contain nltrlte (frequently
measvred alongside the arnonia), sometimes in concentrations up to 10 times the
armonia concentration (on a N atom basis). However, before proceeding with work
aimed at.destroying anines, the possibilities of nitrite interference aﬁd suppr-
ession of the armonia?IPB reaction were tested directly by a set-up exactly similar
to that described above for examining amine suppression. Figure 2 indicates that
very considerable guppression by nitrite does occur, though it is not as strong
as in the case of any of the amines, Again, it is not great so long as the
nitrite N concentration is less than the armonia N concentration, but rapidly
increases as the nitrité concentration exceeds the ammonia concentration., This
suppression-effect was confirmed. by looking in the same manner at the effect of
increasing nitrite concentration on the IPB reaction when the standard IPB
procedure is applied to fish tank water containing ammonia only from biota

(fish and bacterial filter)., In this case apparent ammonia concentrations varied
in the different expefiments between .16 ppm N and .28 ppm N, averagiﬁg .21 ppm N,
Figure 3 shows suppression of a very similar nature to that of Figure 2.
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To evaluate the procedure for use at sea it was tested out and found E

i satlsfactory on a range of sea water types from various polluted estuarlne l
.s1tuations, and on water from the open sea with hlgh and 1ow plan?ton den31ty.
In all cases nltrite reasurements were made on the sanme sample, and a parallel :
emmonla measurement was made on a sample portlon to which addltional 0.5 ppm

" nitrite N had been added. -The amonia concentration in the sea water varied:
from < .002 to .275 ppn N, and the naturally occurring n1tr1te from .oooo3 to
.08 ppm N dependlng on locatlon. The added nltrlte caused some uuppre831on

of the IPB formed, (Approxlmately 2%, P .25). ‘

DISCUSSION . » .

The effects of amines and nitrite indicate sources of interference to IPB
formation from non—ammonla nitrogen which may arise in flsh rearung tank water
and in the sea. The levels of nitrite used in the above teets were well in
Vexcess of the levels normally occurring in the sea and in fish tanks which are -
u«fltted with bacterlal filters. Interference from this source will normally be
small, though from the. nature of the effect a sharply 1ncre351ng suppression.
can occur when nitrite is present in excess of ammonla. A ten-fold excess may
sometimes develop in the pre-establishment phase in fish tanks. It is more
difficult to evaluate possible interference from amines, particularly because
of their more pronounced effects. It was unlikely during the present studies
since external and internal standards agreed, but there is a need to know more " .
: about the occurrence and concentration of amines in both natural sea water and
flSh cultlvatlon units., Further studies to evaluate rossible interference from
"pitrite and amines to ammonia analysis are desirable at levels at which all three
constituents typlcally occur, ' ‘ o

The signlflcance of expernments with the ternary system at ‘higher concentrations )
is that the p0331ble intermediates formed, especially reactive nltrosoamlnes from
" di- and trl-methylamlne, apparently do not condense (e g. at the p—p031t10n of
1nd0phenol re51dues), or otherwise, cause introduction of extraneous N to the IPB
~ molecule, The IPB reaction could therefore be the basis of self—checklng ammonia
procedures utilizing the isotope dilution or N-tracing pr1n01ple.

A further deuelopuent envisaged is the use of high;iutensity UV irradiation,
at,. an appropriately'chosen activation frequency, to reduce IPB development time
and increase sensitivity of measurements by this reaction, hlgher sen31t1v1ty

belng desirable occn31ona11y.
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Table 1 Precision in routine use of IPB procedure for ammonia determination in fish tank water

Regime

Type of water

No. of days

on which sets
of ammonia
determinations
were made

Range of
ammonia
cencentrat-
ions

ppm N

HMean
coefficient
of variation

Average no. of
determinations
on each sample
i.e. ver day

tandard error of
nean of each day's
measurements

N

A

Fresh water during
establishment of
bacterial filter

i.e. high concentrat-
ions of organic
nitrogen compounds
and nitrite

Fresh water with
established bacterial
filter i.e. low
concentrations of
organic nitrogen
compounds and nitrite

Sea water during
establishment of
bacterial filter
i.e. high concent-

‘rations of organic

nitrogen compounds
and nitrite

Sea water with
egstablished
bacterial filter i.e.
low concentrations

of organic nitrogen
compounds and nitrite

13

23

.75 to 5.4

045 to .13

.25 to .98

006 to 033

18.5

13.4

4.7

3.4

8.5

7.3

4.9

6.7
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Figure 1. Suppression of indophenol blue response to
ammonia by dimethylamine in seawater
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Figure 2. Suppression of indophenol blue response to
ammonia by nitrite ion in seawater
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“Indophenol blue response to ammonia "as percentage

- of response in absence of nitrite

100 " Figure 3. Suppression of indophenol blue response to

ammonia produced by fish in fish tank
~water (seawater) by nitrite ion
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