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ABSTRACT 

The method is based on the reaction of ammonium mtrogeji with hypobromite in an 
alkaline medium The excess of hypobromite is determined spectrophotometrieally by 
adding an azo dye (Bordeaux B) solution, which is decolorized by hypobromite in 
acid solution The influence of e g organic compounds is eliminated by allowing the 
whole reaction to proceed m aeid solution also The standard curve is a straight line 
up to 400 micrograms of ammonium nitrogen per liter, and the reaction is sensitive 
to 10 micrograms per liter, equal to 0 01 ppm, as determined in 25 ml of sample. 

In t roduct ion 

The most extensively used oolorimetric 
method for the determination of ammonia in­
volves the use of Nessler's reagent, which 
generally requires rigid control of reaction 
conditions and reagent stability to prevent solu­
tion turbidity. The samples must be thermo-
stated and measurements made after a fixed 
time plus minus a minute only. Finally, the 
Nessler reagent is in most cases not sensitive 
enough for a direct determination 

The method by KBUSE & MELLON (1953) 
based on the use of a pyridine pyrazolone 
reagent and the extraction of the resulting 
purple system with carbon tetrachloride has 
excellent sensitivity. However, the reagent is 
very unstable and the extraction process time-
consuming m routine work. 

The reaction of ammonia with a phenol and 
hypochlorite reagent to give indophenol has 
been utilized by R I L E Y & SIISHASENI (1957), 
RossuM & ViLLAKRUz (1963) and MANN, J R 
(1963), but the control of hypochlorite con­
centration as well as pH is critical. 

Ammonia m water has been determined 
recently by ZITOMER & LAMBERT (1962) with a 
method based on the conversion of ammonia to 
trichloramme by treatment with hypochloiite, 
destruction of excess CIO with nitiite, and 
development of a blue color with a cadmium 
iodide linear starch reagent. This method is 
very sensitive, but the control of pH is critical 
and even trace amounts of bromine ion interfere. 

Methods using hypobromite for the deter­
mination of ammonia were described in the 
last centuiy already, and since then the reac­
tion has been restudied by several investigators 
For minute amounts of ammonia the reaction 
has been used by KROGH (1934) to determine 
ammonia after distillation, by HARVEY (1951) 
for mtiogen in organic matter, and by BULJAN 
(1951) in a direct determination of ammonia m 
sea water. Following the original procedure 
given by BULJIAN the author could not get 
results, and that happened to STRICKLAND & 
AUSTIN (1959) too The systems hypobromite-
ammonia and hypobromitc-Bordeaux B dye 
have been studied m detail, and a procedure has 
been developed for the direct spectrophoto­
metric determination of ammonia m precipita­
tion. 

Reagents 

Analytical reagent grade chemicals, low in 
nitrogen, and ammonia free distilled water are 
required for the preparation of all solutions, 
with storage preferably m Jena or Pyrex glass­
ware. Ammonia-free water can be prepared by 
distillation or ion exchange methods. Water 
prepared by these processes often retains about 
5 to 10 micrograms of ammonium nitrogen per 
liter, and daily blanks should be run. 

Bordeaux B dye solution. 150 mg of the dy© 
IS dissolved in one liter of 0.1 N acetic acid 
made up with ammonia-free water. A technical 
product (a-naphthene-azo /?-naphthol, 3-6 di-
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sulfonic acid) from Bri t ish D r u g House L t d . h a s 
been used in t he invest igat ion. Stored in a d a r k 
bot t le t h e solution is s table for m o n t h s . 

Sodium hypobromite stock solution 0.1 N. 
Dissolve 10 g of sodium hydrox ide in 500 m l of 
ammonia-free water . Keep t h e solution in a 
deep-freeze unt i l ice is formed a n d t h e n a d d 
wi th mix ing 4 g, equal t o 1.26 ml , of fluid 
b romine . Stored in a da rk bo t t l e a n d in a 
refrigerator t he solution is s table for over a year . 

Sodium hypobromite working solution 0.003 N. 
Dilute t h e stock solution wi th 0.3 A'̂  sodium 
hydrox ide solution a n d store t h e solution cold 
in a da rk bot t le . One ml added to 5 m l of dye 
solution in 25 ml of ammonia-free wa te r should 
resul t in a l ight brown color a n d h a v e a n ab-
sorbance of 0.280 to 0.350 de te rmined according 
to procedure . If t he n o r m a l i t y is de termined b y 
t i t r a t ion wi th sodium thiosulfate solution, a d d 
a known a m o u n t of t he hypobromi te solution 
t o 0.5 N acetic acid containing iodide. If a 
s t ronger acid is used, b romi te a n d b r o m a t e will 
be s imultaneously de termined. Al though t h e 
working solution is r a the r s table it m u s t be 
checked daily. 

Standard ammonium nitrogen solution. Dis­
solve 382 m g of anhydrous a m m o n i u m chloride 
in ammonia-free water a n d di lute t o 1.0 l i ter 
(1 ml = 100 micrograms of ni t rogen) . P r epa re 
s t a n d a r d soKitions b y appropr ia te di lut ion of 
t h e stock solution. 

F u n d a m e n t a l r e a c t i o n s 

The oxidat ion of ammonia wi th hypobromi t e 
proceeds according to t he equat ion: 2NH3 -i-
3 B r O - - ^ N 2 + 3 B r - + SH^O. The react ion is com­
plete a t a p H higher t h a n 9. At p H 8 90 per 
cent , a t p H 6.5 50 per cent a n d a t a p H of 3 
t o 5 abou t 20 per cent of t h e ammon ia present 
reacts w i th t he hypobromi te . B y adding 1 ml 
of t he hypobromi te working solution t o 25 ml 
of ra in w a t e r t he p H always rises t o abou t 11.8 
a n d buffering t he samples is no t necessary. 

H y p o b r o m i t e is a general oxidizing agent 
which a t t a c k s no t only ammonia , b u t also o ther 
compounds , especially those of organic origin. 
I t was first t h o u g h t such substances were absen t 
in precipi ta t ion a n d consequent ly t he a m m o n i a 
was de te rmined wi th t h e alkaline react ion 
only. However , a comparison of t h e a m o u n t s 
ob ta ined in th is w a y wi th those found b y t h e 
direct nesslerization. Table 3, showed in mos t 

cases m u c h higher values for t h e hypobromi t e 
react ion. Therefore, t h e influence of o ther 
compounds reacting wi th h y p o b r o m i t e is esti­
m a t e d b y adding t h e reagents t o t h e sample in 
reverse order, a n d t h e absorbance so obta ined 
is sub t rac ted from t h e absorbance measured 
after t h e alkaline react ion. 

The excess of hypobromi t e is es t imated 
spectrophotometr ical ly b y add ing t h e acid 
B o r d e a u x B dye solution. The ox ida t ion of t he 
azo-dye is regular a t p H 4.5 t o 5.5, a n d a p H 
of 4.8 t o 4.9 is a lways reached wi th t h e concen­
t r a t ions used. 

G e n e r a l p r o c e d u r e 

Transfer 25.0 ml al iquots of s t a n d a r d solu­
t ions or samples (filtered t h rough silica cot ton 
if necessary) into two 50 ml beakers . A d d to 
one beaker 5.0 ml of t h e Bordeaux B solution, 
a n d t h e n t o bo th while s t i rr ing 1.0 m l of t he 
hypob romi t e working solution b y m e a n s of an 
all-glass syringe (Krogh type) . Allow t h e am­
monia present t o react wi th t h e h y p o b r o m i t e in 
t h e second beaker for 3 t o 4 m i n u t e s a n d then 
a d d wi th st irr ing 5.0 m l of t h e d y e solution. 
Measure t h e absorbance of t he solut ions after 
15 t o 25 minutes in 5 cm cells a t 525 mfi using 
air as reference. Spec t rophotometer in this in­
vest igat ion was t he Beekman , mode l B . The 
difference in ext inct ion values gives t h e a m o u n t 
of a m m o n i a present . 

R e s u l t s a n d D i s c u s s i o n 

C O N C E N T R A T I O N AND STABILITY O F R E A G E N T S 

The concentra t ions of t h e reagents h a v e been 
chosen to cover t h e a m o u n t of a m m o n i u m 
usual ly found in precipi ta t ion. T h e s t anda rd 
curve is a s t ra ight line u p to 400 micrograms of 
n i t rogen per liter when the acid react ion in 
ammonia-free water has an absorbance of 0.280 
to 0.350 according to procedure . Typical 
s t a n d a r d values are given in Tab le 1, a n d 
p lo t t ed u p to 100 micrograms per l i ter in Fig. 1. 

The hypobromi te working solut ion can be 
used for several weeks, as a small decomposi t ion 
causes a parallel d isplacement in t h e alkaline 
a n d t h e acid curves only, leaving t h e slope of 
t h e 0-curve unchanged. 

I n an earlier stage of t h e inves t iga t ion t h e 
dye solution was added as a n one m l por t ion 
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T A B L E 2. Triplicate determination of ammonia in 

standards and samples. 

NHi -N fig/l 

Fio. 1. Standard curves based on the values in 
Table 1. 

w i th a syringe, however , occasionally negat ive 
0-values were ob ta ined . This fact was most cer­
t a in ly due to inaccuracy of t h e syringe, as t he 
d y e solution is very s t rong in color. 

S E N S I T I V I T Y AND P R E C I S I O N 

I n Table 2 t r ip l ica te analyses of s t anda rds 
a n d samples are given. The "ammonia- f ree" 
wa t e r used for t he s t a n d a r d solutions contained 
in th i s case 7 mic rograms of ni t rogen per liter, 
which is a very c o m m o n a m o u n t for these 
wate rs . The difference in absorbance is here 
0.027 and th is va lue also gives t h e sensit ivi ty 
of t he method . B y us ing 7 c m cells t he lower 
l imit will be abou t 2 micrograms of ni t rogen per 
liter. 

T A B L E 1. Determination of ammonia in standards. 

25 ml of sample, 1 ml of hypobromite solution and 
6 ml of dye solution. Absorbance measured in 5 cm 

cell at 525 rci/i. Reference air. 

NH^-free 
water 

40 /igN/1 
added 

Sample 1 

Sample 2 

Alkaline 
react. 

« 1 

0.330 
.328 
.340 

0.510 
.520 
.525 

0.493 
.490 
.498 

1.050 
.055 
.045 

Acid 
react. 

«2 

0.302 
.303 
.317 

0.330 
.344 
.341 

0.448 
.446 
.456 

0.600 
.595 
.605 

Ê1-E2 

0.028 
.025 
.027 

0.180 
.176 
.184 

0.045 
.043 
.042 

0.450 
.460 
.440 

N found 
A'g/l 

7.4 
6.5 
7.2 

47.5 
46.5 
48.5 

12.5 
11.5 
11.0 

120. 
121. 
118. 

The values in Table 2 also give t he precision 
of t h e me thod , which is es t imated t o + 1 0 per 
cent in t h e 5 t o 50 microgram range a n d + 5 
per cent in t h e 50 to 400 microgram range. 

INTERFERENCE 

The interference of diverse organic compounds 
h a s a l ready been ment ioned , a n d also how these 
errors h a v e been el iminated. I n precipi ta t ion 
samples the re are no o ther ions present in 
a m o u n t s causing a n y significant interference. 
E v e n a visible precipi ta t ion of calcium or 
magnes ium hydrox ide h a s no effect on t h e 
recovery of ammonia , as i t will redissolve when 
t h e acid dye solution is added . Iodide ions ex-

T A B L E 3. Determination of ammonia in rain 

water samples with hypobromite and with Nessler 

NH4^-N 
/ 'g/ l 

0 
10 
20 
40 
60 
80 

100 
200 
300 
400 

Alkaline 
react. 

« i 

0.320 
.365 
.413 
.505 
.595 
.685 
.780 

1.235 
1.690 
2.150 

Acid 
react. 

«a 

0.305 
.315 
.322 
.340 
.355 
.372 
.390 
.470 
.555 
.640 

E l - S j 

0.015 
.050 
.091 
.165 
.240 
.313 
.390 
.765 

1.135 
1.510 

0-curve 

0.000 
.035 
.076 
.150 
.225 
.298 
.375 
.750 

1.120 
1.495 

Sample 

1 
2 
3 
4 
6 
6 
7' 
8 
9 

• > " * ! / " 

Alkaline 
react, only 

N found 
25 
47 
92 

115 
112 
159 
173 
256 
370 

According 
to method 

infigjl 
12 
28 
50 
94 

106 
120 
135 
242 
352 

Nessler 

15 
30 
45 
90 

100 
115 
145 
240 
360 
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ceeding 50 micrograms per liter have a small 
posi t ive effect; however , such large a m o u n t s 
h a v e n o t been found in na tu r a l precipi ta t ion. 

COMPABISON WITH DIRECT NESSLEBIZATION 

Nine ra in wa te r samples collected in different 
pa r t s of F in l and have been analyzed for the i r 
a m m o n i a con ten t as follows: (i) w i th hypo-
bromi te in alkaline solution only, (ii) according 
to procedure a n d (iii) wi th Nessler reagent . The 
resul ts a re given in Table 3. I n t he direct 

BULJAN", M., 1951, Note on a method for deter­
mination of ammonia in sea water. J. mar. biol. 
Ass. U.K., 30 (2), pp. 277-280. 

HARWEY, H . W . , 1951, Micro-determination of 
nitrogen in organic matter without distillation. 
Analyst, 76, pp. 657-660. 

KROGH, A . , 1934, A method for the determination 
of ammonia in water and air. Biol. Bull. Woods 
Hole, 67 (1), pp. 126-131. 

K R U S E , J . M., and MELLON, M . G . , 1953, Colori-
metric determination of ammonia and cyanate. 
Anal. Chem., 25 (8), pp. 1188-1210. 

MANN, L . T., J R . , 1963, Spectrophotometric deter­
mination of nitrogen in total Micro-Kjeldahl 
digest, Anal. Chem., 35 (13), pp. 2179-2182. 

McTOA ocHOBaH Ha peaKqHH aaoTHOKHCJioro 
aMMOHHH C COJIbK) SpOMHOBaTHCTOH KHCJlOTbl B 
mejiOHHOH cpene. HsjiHiueK 6poMHOBaTHCToit 
COJIH onpeaenHncH cneKTpo(j)OT0MeTpHHecKH c 
noMombK) 3,o5aBji6HHH pacTBopa aaoKpacHTeJiH, 
KOTopbiö o6ec^Be'^HBaJICH cojibio 6poMHOBa-
THCTOH KHCHOTbl B KHCJIOM paCTBOpe. BjIHHHHe, 
nanpHMep, opraHHHecKwx coeflHHBHHft HCKJIIO-

nesslerization 100 micrograms of a m m o n i u m 
ni t rogen per liter were a d d e d to t he first four 
samples as to overcome t h e sensit ivi ty l imit of 
Nessler reagent when measur ing t he color in 
7 cm cells. 

The values show a n excellent agreement be­
tween t h e two m e t h o d s a n d also t he necessity 
of given procedure wi th a react ion in acid solu­
t ion too . 

Most certainly t he values also prove t he exi­
stence of organic compounds in n a t u r a l precipi­
t a t ion . 
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nitrogen in sea water. J. mar. biol. Ass. U.K., 86 
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Jour. AW WA, 55 (5), pp. 657-658. 

STRICKLAND, J. D. H., and AUSTIN, K . H . , 1959, 
The direct estimation of ammonia in sea water. 
J. Cons. int. Explor. Mer., 24 (3), pp. 446-451. 

ZiTOMER, F. , and LAMBERT, J . L., 1962, Spectro­
photometric determination of ammonia as tri-
chloramine. Anal. Chem., 34 (13), pp. 1738-1740. 

HajIOCb TCM, MTO BCH peaKqHH npOHCXOAHJia 
TaK>Ke B KHCJIOM paCTBOpC. CTaHHapTHaH KpH-
B a a HBjiHeTCH npaMOfl j iHHHeö, BoapacTa iomeH 
HO 4 0 0 IJ.T aaoTHOKHCJioro aMMOHHH n a OAHH 
jiHTp. (EipH oHpesejieHHH B 2 5 fizi n p o S u peaK-
IJHH lyBCTBHTejIbHa K 10 jXT Ha JIHTp, MTO 
paBKHBTCH 0 ,01 p p m . ) 
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