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The determination of ammonia in seawater

Abstract—A simple phenolhypochlorite
method for the estimation of ammonia in
seawater obeys Beer’s Law over the concen-
tration range 0-20 ug-atoms NH:-N liter?; the
standard deviation on a set of samples con-
taining 4 upg-atoms NH;-N liter™ is 0.04.

The estimation of ammonia in seawater
has always proved difficult and several
methods have been tried in the Plymouth
Laboratory with varying degrees of suc-
cess. Solérzano has published a phenolhy-
pochlorite method (Solérzano 1969) which
has since been used by many workers,
some of whom have reported difficulties
(McCarthy and Kamykowski 1972). We
also obtained anomalous results and after
a series of experiments have modified the
method. This modified procedure has been
in use for several months and has given us
consistent results.

Initially we found that the blank absor-
bancies were high and erratic. By substi-
tuting potassium ferrocyanide in place of
sodium nitroprusside as the catalyst, we
got stable reproducible blanks of about

0.050 absorbance, the same level as the
one given by Soldérzano, in a 10-cm cuvette.
To make certain that the blank could be
applied to seawater in our method, we
checked it against aged irradiated seawa-
ter samples. Commercial hypochlorite solu-
tions too were a source of variation because
of their instability, making necessary a
daily check on the concentration of avail-
able chlorine. Sodium dichloroisocyanurate
has been used as an alternative hypochlo-
rite donator by Grasshoff and Johannsen
(1972) and also by Benesch and Mangels-
dorf (1972) in their ammonia procedures.
This salt has the advantage of being a
stable solid, and the yield of hypochlorite
on hydrolysis is both rapid and quantitative.

Even with these modifications the inten-
sity of the blue indophenol color still varied
from day to day, being almost twice as
strong on a bright sunny day as on a dull
overcast one. Various sources of artificial
light were therefore investigated to find
the optimum conditions for color develop-
ment. The most efficient source was an
ultraviolet lamp. We used a Hytek mer-
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cury longwave ultraviolet lamp, type MBW,
with maximum energy output at 365 nm.
One reason for using this particular lamp
was that being low power it could be used
in the laboratory without great inconve-
nience; other ultraviolet sources may well
prove to be just as efficient. Initially we
placed a reflector behind the lamp but
subsequently we placed the lamp in a
specially constructed aluminum box. The
all round reflecting surface thus obtained
made possible the color development of
greater numbers of samples at the same
time. Attempts to use tungsten or fluores-
cent lamps in place of the ultraviolet lamp
were unsuccessful, the time taken for color
development being considerably longer and
the actual number of hours required vary-
ing with the particular lamp involved.

Reagents—1. De-ionized water: Prepare
immediately before use by passing distilled
water through a freshly charged cation ex-
change resin in the hydrogen form.

2. Phenol-alcohol reagent: Dissolve 10 g
of Analar phenol in 100 ml of Analar 95%
v/v ethyl alcohol.

3. Oxidizing solution: Dissolve 0.2 g of
sodium dichloroisocyanurate in a solution
of 1.6 g of Analar sodium hydroxide in 40
ml of de-ionized water. To this add a
solution of 20 g of Analar trisodium citrate
in 40 ml of de-ionized water. Adjust vol-
ume to 100 m! with de-ionized water.

4. Catalyst: Dissolve 0.5 g of Analar
potassium ferrocyanide in 100 ml of de-
ionized water. Transfer to an amber bottle.

Reagents 2 and 3 are stable for 24 hr
when stored in a refrigerator, but the cata-
lyst must be prepared daily.

To a 50-ml sample in a 100-ml Pyrex
conical flask add 2 ml of phenol-alcohol
reagent, 5 ml of oxidizing solution, and 2
ml of catalyst, mixing between each addi-
tion. Cover the tops of the flasks with glass
or plastic caps and place within 0.5 m of a
Hytek mercury lamp fitted with a reflector
such that each flask receives maximum en-
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ergy. Color development is complete in 40
min over a temperature range of 22-27°C.
Measure the adsorption at 640 nm in a
spectrophotometer against distilled water
with 10-cm cuvettes.

A calibration should be made with each
batch of samples using spiked seawater.

As with all methods for the estimation of
low concentrations of ammonia, the risks of
contamination are high. The work should
be carried out in an ammonia-free labora-
tory with acid washed glassware.

In seawater the factor relating absor-
bance to concentration (in pg-atoms NHj-
N liter!) is 6.5 while in freshwater it is
5.8. On sets of samples containing 1 and 4
pg-atoms NH;-N liter! the standard de-
viations were 0.02 and 0.04 respectively.
Beer’'s Law was obeyed over the concentra-
tion range of 0-20 ug-atoms NH;3-N liter-!.
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