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PYROGALLOL AS A REAGENT FOR SPECTROPHOTOMETRIC DETERMINATION OF
+
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Pyrogallol (1,2,3-trihydroxybenzene) is proposed as a reagent for the spectrophotometric determination of ammonium-
nitrogen (NH -N) in aqueous solution. Pyrogallol forms instantaneous pale-yellow complex with aqueous NH4 N. The
pyrogallol/ammonlum nitrogen (P/NH -N) complex has absorptlon maximum (A__ ) at 400nm and molar absorptivity
(€) of 9.706 x 10? Imol*cm™. Beer’s Iaw is obeyed up to 5 ug NH -N ml™. The correlation coefficient (r) is 0.9983. The
optimum pyrogallol concentration and optimum pH are found to be 0.06%(mv) and 7.00, respectively. The method
sensitivity is 0.063 ng NH:-N ml. The extent of ionic interference in the use of the proposed method has also been
quantitatively evaluated. The most tolerated ions were K*and CI- (7.90 x 10 mol It maximum) and the least tolerated
ion was AP+ (3.12 x 10”7 mol I'* maximum). Recovery of NH -N from spiked water samples shows good result (98.77%
to 101.94%). The proposed method has been applied to the determination of NH -N in some potable waters. Results
are in good agreement with those obtained by a standard spectrophotometric method (Nessler’s method).
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Introduction

Different methods have been developed for the determination
of ammonium-nitrogen (NH:-N) in aqueous solutions. Some of
them (e.g. Kjeldahl, distillation and titration methods), published
in Standard Methods by APHA, AWWA,WPCF (1989) andalso
by Wagner (1940), are insensitive below 5ug NH N ml+* and
inapplicable to the quantitative analysis of NH N in drinking
waters and clean surface waters which normally contain low
NH:-N concentrations. Others, e.g. ammonia selective electrode,
phenate, and Nessler’s methods, (Vogel 1961; Rossum and
Villarruz 1963; Weather 1967; APHA, AWWA, WPCF 1989) are
applicable to lower NH :-N concentrations (> 5.0 ug NH:-N ml+)
but often are either cumbersome or expensive.

Pyrogallol, which has not been previously reported as a
reagent, is proposed here as a reagent for simple and accurate
spectrophotometric determination of NH:-N in aqueous
solution.

The method was extended to other polyphenols, e.g. quinol
(1,4-dihydroxybenzene) and the results will be published
elsewhere.

Experimental

Apparatus. A Unicam SP500 series ultraviolet and visible
spectrophotometer with matched 1-cm silica cells was used
for absorbance measurements. A model 3020-pH meter
(Jenway) was employed for pH measurements.
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Reagents. All chemicals were of analytical-reagent grades
from BDH.

Stock ammonium-nitrogen solution. (0.06M or 848.505
ug mltin NH:-N). Dissolve 1.0g di-ammonium hydrogen
orthophosphate, (NH,),HPO,, in distilled water and dilute to
250ml.

Calibration solution. (0.0, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, and 6.0
ug NH:-N ml%). Dilute 0.00, 0.01, 0.03, 0.06, 0.09, 0.12, 0.15 and
0.18ml of stock ammonium-nitrogen solution in 25ml calibra-
tion flasks with distilled water.

Pyrogallol solution (1.0% mv? or 0.0794M). Dissolve
1.0g pyrogallol (MW 126.11) in water and dilute to 100ml with
distilled water.

1M HCI or 1M NaOH was used for pH adjustments of the
reaction mixtures.

Recommended procedures. Pipette out 0.03, 0.06, 0.09,
0.12,0.15,0.18,0.21, 0.24,0.27 and 0.30ml of the stock NH Z—N
solution into 25-ml calibrated flasks. Then add 1.50ml of the
pyrogallol solution. Make up to mark with distilled water.
These are the reaction mixtures for calibration curve. Also
prepare a reagent blank. Allow both reaction mixture and re-
agent blank to stand for 35 min. Adjust the pH of both to 7.00
using 1M HCI or 1M NaOH solutions. Take the absorbance
reading of each reaction mixture versus reagent blank at 400nm
in matched 1 cm silica cells. All processes take place at ambi-
ent temperatures (25-30°C).
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Sample (test) solution. Pipette 5-20ml of sample solution,
containing 25-125 ug NHZ—N, into a 25-ml calibrated flask. Add
1.5ml of the pyrogallol solution and make this volume up to
mark with distilled water. Procedure for color development,
pH adjustment, ambient temperatures and absorbance read-
ings are as stated under calibration curve.

Results and Discussion

Absorption spectra. The absorption spectra (Kunihiro
et al 1995; Demetrius et al 1995) of the pyrogallol/ NH:-N
complex as well as the reagent blank are shown in Figl. The
maximum absorbance of the reaction mixture vs reagent blank
(A) was far larger than that for reagent blank vs distilled water
(B). The wavelength of maximum absorbance, A__, for the
former was located at 400nm.

Effect of pyrogallol concentration. Fig 2 shows that at
pH 7.0 and when NH:-N concentration is 5.0 ug ml* and
pyrogallol concentration is varied from 0.005 to 0.7% mv,
the absorbance at 400nm increased from 0.28 (for 0.005%
mv pyrogallol) to a peak of 0.43 (for 0.06% m v* pyrogallol)
and then decreased to almost a constant value of 0.27 (from
0.20 - 0.70 % mv! pyrogallol). Pyrogallol concentration of
0.06% m vt (or 1.50 ml of 1% m v* pyrogallol solution in 25ml
final volume) is therefore chosen as the optimum pyrogallol
concentration. This is a molar excess of 10.1 of pyrogallol
over NH:-N.

Effect of pH. The effect of pH on absorbance is investi-
gated when NH:-N and pyrogallol concentrations are 5.0 ug
mlt and 0.06% m v, respectively. Absorbance reading are
taken at 400nm in matched 1cm silica cells. From Fig 3, absor-
bance values are almost steady at about 0.29 for pH values of
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Fig 1. Absorption spectra for pyrogaIIoI/NH:-N Complex.
Reaction mixture (curve A): NH N, 5.0ug ml*; pyrogallol, 0.06% m
v, pH 7.0; Final volume , 25 ml; Reagent blank (curve B): same as in
reaction mixture except for NHZ—N.
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1.0-6.5. Two absorbance peaks were outstanding at 0.33 and
0.40 corresponding to pH of 7.0 and 8.0 respectively. Further
investigations revealed that at pH 8.0 the absorbance of the
reagent blank was large (absorbance of the reagent blank vs
water = 0.7 at 400nm) and both reaction mixture and reagent
blank were unstable (they lasted for about 20 min). While at
pH of 7.0, the reagent blank had minimal absorbance at 400nm
(absorbance of reagent blank vs water = 0.17 at 400nm), and
both reaction mixture and the reagent blank were more stable
(they lasted for 2 h). Therefore, the optimum pH for this method
is7.0.

Effect of reaction time. Fig 4 shows that, when the con-
centrations of pyrogallol and NH:-N are 0.06% mv*tand5.0
ug mlt respectively and pH is fixed at 7.0, the color devel-
oped after 5 min and reached a maximum after 35 min. There-
fore duration of 35 min is chosen as the maximum for color
development.

Further investigations show that, after attaining the maximum
absorbance, the reaction mixture and the reagent blank
remained stable for 2h.
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Fig 2. Effect of Pyrogallol conc. on absorbance.
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Order of addition of reagents.The preferred order of
reagent addition is as follows: first, pipette 0.15ml of stock
ammonium-nitrogen solution into a 25 ml calibrated flask.
Then add 1.50 ml of the pyrogallol solution and finally
dilute to 25 ml mark with water. Allow 35 min for maximum
color development and adjust pH to 7.00 with 1M HCI or
1M NaOH.

Figures of merit. A series of standard ammonium-nitrogen
solutions were prepared. When the pyrogallol concentration
was 0.06% m v and the total final volume and pH were 25ml
and 7.00 respectively, Beer’s Law was obeyed up to 5.0 pug
mi+? NH:-N (Fig 5). The stoichiometry of P/NH:-N complex is
1:2, thatis P(NH,), where P is pyrogallol.

The apparent molar absorptivity (€) (Robertetal 1974; Donald
et al 1979) of the P/ NH:-N complex was 9.706 x 10? | mol*!
cm™, The correlation coefficient (r) (Kealey 1986) was found
to be 0.9983 which revealed a high degree of correlation

Table 1
Recovery test

Recovery of ammonium - nitrogen 1 2

Added (ug ml?): 1.2728 5.0900
NH,-N |Originally present (ug ml*): 0.0000 0.0000

Found (ug ml?); 1.2975 5.0275
% Recovery: 101.94 98.77
Std. Deviation*, S (ug ml): +0.10 +0.10
Rel. std deviation, Sr (%): 8.5 1.99

95% confidence limit (ug ml?):

1.2975+0.1350 5.0275+0.1243

*repeated 5 times

Table 2
Effect of foreign substances on the absorbance of an

NH;-N of 5.0 ug ml* solution
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Fig 4. Effect of reaction time on absorbance.
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Fig 5. Adherence to Beer’s law.

S.no. Species  Added as Tolerated Relative*
concentration  deviation(%)
(mol I

1 NO; KNO, 2.66 x 10* 4.35

2 AP Alk(SO,),.12H,0  3.12x 107 2.30

3 NQ; NaNO, 3,00x10° -2.30

4 VS V,0, 2.00x10° -4.60

5 Na*, ClO; NaClO,.H,0 3.76 x 10+ 4.36
6 AsY Na,HAsO,.7H,0 4.50x10° -2.30
7w Na,W0,.2H,0 2.60x 10 -2.30

8 POS NaH,PO,.2H,0 5.13x10% 4.70

9 K-+CI KCI 7.90x10°% 4.70
10 CO; Na,CO, (anhy) 3.60x 10° -2.30
11 Fe Fe,(SO,), 3.70x 10 -2.30
12 Ca*, SO,* CaSO, 1.47x10* -2.50
13 Mg* MgSO0,.7H,0 1.62x10* -2.17

A without interference - A with interference
*Relative deviation = — x 100
(%) A with interference

Table 3
Determination of NH,-N in water samples

Sample Proposed method Standard method
Tap water ND* ND**
River water 2.65 271

Well water ND* ND**

** Not detected; concentrations (ug NH:-ug ml'l) given are the
average of three replicates.

(linearity) between the absorbance and analyte (NH:-N)
concentration. The regression equation (Kealey 1986) for the
curve isgiven by y=0.054x +0.028 where “y’ is the measured
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absorbance at 400nm and ‘x’ the concentration of NH ,-N in
ug mlt, The method sensitivity (ACS 1980; APHA, AWWA,
WPCF 1989; Andres et al 1995; Valentinus et al 1995) was
found to be 0.063 ug ml2.

Recovery test. The accuracy and precision of the proposed
method were studied by spiking water samples (deionised,
well and tap waters) with NH:-N, and analyzing five repli-
cates of each, using the recommended procedures. The per-
cent recovery (%), standard deviation (S), relative standard
deviation (Sr) and confidence limits (95%) for various spiked
samples are given in Table 1.

Interference studies. The effect of foreign ions (Sallnas
et al 1995; Saurina and Hernandez 1995; Susanto et al 1995)
on the absorbance of NH :-N solution (5.0 ug ml) is shown in
Table 2. Some of the ions chosen (e.g. Na*, Ca?*, Mg?*, CI- or
S0O,%) are the main components of natural waters, while oth-
ers, which can form ion - associates may be present as pollut-
ants (e.g. As¥, V¥, or PY). The criterion for interference was
fixed at + 5.0% (Saurina and Hernandez 1995), thus concentra-
tions of foreign ions which cause relative deviations equal to
or lower than 5.0% were tolerated. Most of the ions tested
were tolerated in a wide range of concentrations. In all cases,
the concentrations of the possible interfering species in natu-
ral waters are far lower than those found as the maximum
tolerated in Table 2.

Applications. The proposed method was applied to deter-
mination of ammonium - nitrogen (NH:-N) in some natural and
portable waters. Results were compared with those obtained
by a standard spectrophotometric method - Nessler’s method.
As shown in Table 3, both methods are in good agreement.

Conclusion

The proposed method provides an alternative approach to
the determination of ammonium-nitrogen (NH:-N) upto 5.0 ug
ml? in aqueous solutions. The advantages include:

(@ The method is cheap and affordable to laboratories in
under - developed countries.

(b) No sophisticated equipments are needed. A pH meter
and a UV/visible spectrophotometer are required.

() No hazardous chemicals like mercuric chloride (used in
Nessler’s method) are involved.

(d) Itis faster than distillation/titration method.
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