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A tast, sensltive, simple, and highly reproducible method for
routlne assay of ammonlum lon (NH,*) was developed by
using HPLC equipment. The mothod 5 based on the reaction
of NH,* with o-phthalaldehyde (OP4) In the preseace of
2-mercaptoethanol. After an on-lino deilvatization, the re-
sulting NH,*~OPA product was quantiJed by using fluorome-
iric or spectrophotomneitric detection. For fluorometric de-
tectlon, the excliation and emisslon wavelengths were 410
and 470 pm, respeclively. The spectrophotometric detaction
was made by measuring absorbance at 40 nm. Resulis on
the effects o? OPA-reagent composition #nd pH, reaction
tempersiure, sample matrix, and linearlty of the assay are
presented. Even though It tock about 2 min from the thne of
sample injectlon to the appearance of saraple peak, sample
Injections coul. be overlapped at an interval of about 1 min.
Thus, the actual lme needed for anelysls was atout 1 min poi
assay. The method can be usad in a fully automated mode
by using an autosampler Injector.

Historically, the methods for quantitative assay of srmmo-
niu'n ion have been relatively insensitive and time-consuming
and have puor reproducibility. Most of the earlier methods
were based on Nessler's vengent, with which many other in-
organic ions interfere. The method currently used by most
laboratories is based on the pher sl-Lypochlorite reaction
(Weatherburn, 1967). The Technicon AutoAnalyzer (Tech-
nicon Instruments, Tarrytown, NY) and Lachat Quikchen
(Lachat Chemicals, Inc., Mequon, WI) are two evamples of
commercially available equipment used for NH,* analysis
using the phenol-hypochlorite r=action.

Cohn ana Lyle (1) first reported the reaction of o-plithai-
aldehyde (OPA) with glutathione in alkaline pH, resulting in
the formation of an OPA-glutathione fluorophore. Subse-
quently, Roth (2) showed that OPA reacted with all primary
amines and NH,*, provided a recucing agent (2-mercapto-
ethanol) was included in the resction mixture. This reaction
has becorae popular for assayiny, picomole levels of amino acics
by using HPLC techriiques (3~6). The reaction has also been
used in a few specinlized situations to assay NH,* (7, 8);
however, no focused effort has been made to exploit the po-
tential of this chemistrv for measuring NH,*. The reaction
of NH* with OPA in tle presence of 2-mercapicethanol is
easily carried out and its subsequent measurement by fluc-
rometry makes it a very sensitive method: however, the re-
actior needs to be characterized. Potentially, it can replace
all other methods ot NH,* measurament.

This paper describes a method for assaying NF.,* based on
the NH,*-OPA reaction, which can he used routinely as a fully
automated method requiring only about 1 min per assay. The
method is simple, highly reproducible, flexible, and very
rensitive and has a large linear concentration range, which
eliminates the need for sample dilutioin. So far, the OPA-

NH,* primary amine product. has only been measured by
fluorometry (2-8). This study riports the possibilities of nsing
spectrophotometry for situations where a fluorometet may
not be available. The molar response factor of NH,*-OPA
fluorophore formed in alkaline pH (9.0-10.0) and in neutral
pH (ca. 7.0) !5 at least an order of magnitude lower (2, 5) and
higher (7), respectively, than for primary emines and imino
acids. Thus, the latter was used in this study. Speciul care
is required since a slight contamination of samples with
primary . nines and/ur amino acids could result in significant
overestimatiou of NH,* if the reaction is run jn alkaline pH.
However, NH,* could be separated by using high-performance
liquid chrome tography (HFLC) in which case interference
from primary amines and/or amino acids would not he a
problem (5}. But the HPLC procedure usually require.., at
least, 20-25 :nin per sample. The method reported here i3
presentlr preposed for nonphysiological fluids, c.;.. water
samples, acid digests of organic materials, nutrient solutions,
soil extracts, inorganic industrial waste, and others. Extension
of this method for use with physiological fluids, e.,. bloed,
urine, green plant extrects, utc., is currently under develop-
ment and will be r2po:ted shortly. Qur preliminary results
(unpublished data) show that representacive primary amines
aud amino acids did not int.rfere with NH,* determination
in the reported proczdure.

EXPERIMENTAL SECTION

Equipment. The equipment system included a modular HPLC
(highk-performance liquid chromatography) unit consisting of a
pump (Laboratory Data Control, Riviera Beach, FL; Model,
Constametric I1IG), & fluorescence detector (Shimadzu Scientific
Instruments, Inc., Columbia, MD; Model, RF-530), a UV-via
detector (Shimad~»u; Model, SPD-6AV), an injector (Rheodyne,
Inc., Cotati, CA; Model 7126; for 0.5-mL injections, Model 7413),
an integrator/data processor (Shimadzu; Model, C-R3A),and a
consiant-temperature water baih (Fisher Scientific, Inc., Santa
Clara, CA; Model 730). A coil of 0.5 mra i.d. Teflon tubing (total
volume, 4 mL) immersed in the constant temperature bath was
used as reaction coil. The flow diagram of the equipment used
is shown in Figuye 1.

OPA Reagent. The rragent was cemposad of potassium
phosphate buffer, OPA, and %-mercaptoethancl. The concen-
trations of various components studied were as follows: potassium
phosphate, 50, 100, 150, and 200 mM; OP4, 0, 1, 3, 5, 10, 15, 20,
25, and 30 mM; 2-mercaptoethanol, 0.5, 1.2§, 2.5, 5.0, 7.5, 10.0,
and 12.5, mM. The potassium phosphate ouffer (K-PO,) was
prepared by adding equimolar amounts of KH,F0, ard K,HPO,,
This resulted in a final pH close Lo the desircd (ca. 7.0). The pH
ct the reagent was adjusted and then filtered through 0.2-um filter
prior to adding mercaptoethanol. 'The reagent was genevally
prepared about one day ahead of use, covered, and left at room
temperature and r.ormal laboratory lighted conditions. A freshly
prepared reagent could also be used but resulted in u slight
continuous drop of base line, presumably due to decay of the
NH,*~-OPA product in the reegent itself.

Procedure. The OPA reagent was pumped through the HPLC
pump and the NH,* samples (as NH,CI) were injected into the
strearn. The sample, mixed with the OPA reagent, passed through
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Figure 1. Flow diagram of the system.

the reaction coil immersed in a water bath before entering the
detector. For most studics the flow rate of the OPA reagent was
adjusted such that the time interval between the injection and
appearance of the peak (referred to as residence time, hereafter;
since no column was used, it should not be called retention time)
was 2 min. For 0.5, 5-, and 20-uL injections a complete loop fill
technique was used. A gas-tight syringe, with a 100-uL leop on
the HPLC injector, was used when vsrying volumes of sample
were injected.

The excitation and emission wavelengths for fluorescence
mcasurements were 410 and 470 nm, respectively. For spectro-
photometric studies, the absorbance was measured at 410 nm.
‘The resulis were based on peak areas except that the absorbance
data, reported as “absorbance units” were based on neak heights.
For residence time vs. response studies, various residence times
were achieved by adjusting the flow rate of the OPA reagent while
the reaction coil volume was constant. The response was calcu-
lated from peak heights. Ammonium chloride was used as the
scurce of NH*.

At the end of each day, the entire system was flushed with
deionizea water (filtered through 0.2-um filter). To date we have
not seen any unusual wear on the system, despite the high salt
coatent of the liquids being pumped.

Statistical Analysis. The NH,* concentration vs. response
data were subjected to regression analysis with an IBM (XT)
microcomputer and a curve fitting program, “Curve Fitter-PC”
(Interactive Microwave, Inc., College Park, PA). Based on the
linear regression analysis, “useful linear ranges” were calculated.
The useful linear range is defined as that range of NH,* con-
centration over which any single data point deviated by no more
than 5% from linear regression. In some cases, the useful linear
range may be slightly larger than those reported due to the
resolution in NH,* calibration standards. The standard errors
in all cases were much smaller than the size of the data points
shown ii the figures. Thus, the standard error bars are contained
within the data points. In general, the maximum variability
experienced was always lezs than %0.5%.

Limit of Quantitation. The lower limits of quantitation
(LOQ), not the detection limit, were calculated under different
conditions. The definition of LOQ us suggested by Keith et al.
(9) was followed in this study.

RESULTS AND DISCUSSION

Effect of OPA Reagent Compesition on Fiuorescence.
The fluorescence of the OPA~NH,* product increased as the
OPA concentration of the reagent increased up to 10 mM.
Further increase in the OPA concentration caused a decrease
in fluorescence (Figure 2). Taylor et al. (7) also observed an
increase in fluorescence with increased OPA cencentration;
however, the response did not level off even at the highest
OPA concentration tested (37.5 mM).

The lowest concentration of 2-mercaptoethanol (0.5 mM)
tested in this study gave nearly the maximal fluorescence
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Figure 2. Etfect of OPA concentration on the fluorescence of
NH,*-OPA product: 2-mercaptoethanal, 12.5 mM; temperatire, 63
°C; residence time, 2 min; pH 6.8; K~PO,, 50 mM.
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Figurs 3. Effect of 2-mercaptcsthano! concentration on the flucres-

cence of NH,*-OPA product: OPA, 3.75 mM: temperature, 63 °C;
residence time, 2 min; pH 6.8; K-PO,, 50 mi.
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Figure 4. Effect of K-PO, concentration on the fluorescence of
NH,*-OPA product: OPA, 3.75 mM; 2-mercaptoethanol, 12.5 mM;
residence time, 2 min, temperature, 63 °C; pH 6.8.

(Figure 3). Concentrations higher than 0.5 mM resulted in
only a slight increase in fluorescence, e.g., 12.5 mM of 2-
mercuptoethanol gave ouly about 4% higher fluorescence
compared tu a concentration of 0.5 mM. The response agrees
with that reported by Taylor et al. (7) in the sense that a very
low concentration o1 2-mercaptoethanol gave the maximal
fluorescence; however, the decrease in fluorescence that they
observed, due to higher concentrations of 2-mercaptoethanol
(7) did not occur in this study (Figure 3).

An increase in the buffer concentration of the OPA reagent
resulted in increased fluozescer.ce (Figure 4). A polynomial
regression analysis revealed that K-PO, concentration vs
fluorescence was a second order function (Figure 4). This
agrees well with the results of Taylor et al. (7). The mecha-
nism by which this might occur is not clear; however, an
increase in the reactivity of OPA with increasing ionic strength
of the reagent may be a strong possibility.

Effect of Reactivn Temperature and Time on
Fluorescence. The fluorescence of the OPA-NH,* product
increased with increasing temperature at which the reaction
was carried out. Similar findings were reported by Taylor et
al. (7) but no quantitative data on the effect of temperature
were presented. In the present stnidy when the reaction time
(residence t‘me) was 1.5 min, the fluore:.cence leveled off at
about 63 °C and was essentially constant between G3 and 66
°C. Further increase in temperature led to a decrease in
fluorescence (Figure 5). With a 2-min reaction time, the
maximal fluorescence was obtained at 61 °C and the plateau
span was only 2 °C instead of 4 °C with 1.5 min (Figure 6).
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Flgure 5. Effect of reaction temperature on the fluorescence of
NH,*-OPA product with 1.5 min resdence time: OPA, 3.75 mi;
2-mercaptosthanol, 12.5 mM; pH 6.8; K-PO,, 50 mM.
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Figure 8. Effoct of reaction temperature on the fluorescence of
NH,*-OPA preduct with 2 min residenco time. The other conditions
were same as in Figure 5.
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Figure 7. Etfect of residence time on the fluorescence of NH,*-OPA
product: OPA, 3.75 mM; 2-mercaptoethanol, 12.5 mM; temperature,
63 °C: pH 6.8; K-PO,, 50 mM.

Hence, it should be possible to further reduce the reaction
time required for maximal fluorescence by further increasing
the reaction temperature. Conversely, it should be possible
to reduce the temperature required by increasing the residence
time.

When the reaction temperature was held constant at 63 °C,
the fluorescence increased with increasing time allowed for
the reaction up to 3 min and remained essentially constant
up to 4 min (Figure 7). A further increase in time led to a
slight decrease in fluorescence. At room temperature, a 30-min
reaction time was required to achieve maximal fluorescence
(7).

Effect of OPA Reagent pH on Fluorescence. 'The effect
of OPA reagent pH on fluorescence of OPA-NH,* product
‘is shown in Figure 8. The highest fluorescence was obtained
at a pH of 6.8. Unfortunately, no apparent plateau for the
pH effect occurred; hence pH control in this assay becomes
very important. In contrast, Taylor et al. (7) reported the
maximal fluorescence at pH 7.3 with a plateau of 0.1 pH
units. Hence, for samples with high acid content, the volume
of the sample injected should be minimized and the buffer
concentration should be increased to provide higher buffering
capacity.

Effect of Sample Matrix on Fluorescence. The effect
of sample matrix (ionic content) on the fluorescence of
OPA-NH,* product is shown in Figure 9. Potassium sulfate
(K;80,) war, chosen as a representative salt to vary the sample
matrix (background ionic content) of samples. Other salts
were also tusted for specific ionic effects and the results are
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Figure 8. Effect of OPA roagent pH on the fiuorescence of NH,*-OPA
product: OPA, 3.75 mM; 2-mercaptoethanal, 12.5 mM; temperature,
63 °C; residence time, 2 min; K-PO,, 50 mM.
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Flgure 8. Effect of sample matrix on the fluorescence of NH,*-0PA
product from (a) 0.1 mM and (b) 1.0 mM NH,* solutions: 50 mM K-PO,
in OPA reagent, 5-uL (a) and 20-uL (O) samples Injected; 200 mM
K-PO, in OPA reagent, 5 uL {¢) and 20 pL (0) samples injected. The
other conditions are given in Figure 4.

reported later in this section. An increased concentration of
K,50; in the sample decreased fluorescence dramatically, up
to about 20 mM, and leveled off at 50 mM. This was a rather
perplexing observation, especially considering that the OPA
reagent (which serves as a reactant as well as a carrier) had
up to 200 mM K-PO,. The effect seemed to be related to
three factors:

A. The NH,* concentration of the sample to be analyzed;
the lower the NH,* concentration, the greater was the effect.
For example, addition of 1 mM K,SO, to a 0.1 mM NH,*
solution decreased the fluorescence by about 72% (5-pL in-
jection using a 200 mM K-PO,, OPA reagent) whereas the
response of 1 mM NH,* solution decreased only by about 30%
when analyzed under the same conditions.

B. The volume of the sample injected; the larger the sam-
ple, the lower the effect and vice versa (Figure 9). For instance,
addition of 1 mM K,S0, to a 1 mM NH,* solution decreased
the response by 29% and 17%, respectively, when 5- and
20-uL: samples were injected.

C. The K-PO, concentration of the OPA reagent; the
higher the concentration, the greater the effect and vice versa
(Figure 9).

The mechanism by which the ionic content of the sample
might be affecting the fluorescence is not clear; however, two
possibilities exist: (1) A partial loss of absorbed energy through
collisions with ions (10) suck: that the energy emitted as light
is lowered and/or (2) The ions interfere in the synthesis of
the NH,*-OPA fluorophore. Tests showed that the addition
of K;SO, to NH,* solutions decreased the absorbance (Aq0)
of the OPA-NH,* product in the same porportion as it did
the fluorescence (results not shown). Hence, the ionic content
of sample interfered with the synthesis of the NH,*-0PA
fluorephore and not the emission process.

As to why the salt concentration of the sample lowered the
synthesis of the fluorophore, it was possible that the sample
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Table I. Effect of Various Salts in the NH,* Solution on
the Fluorescence

sample composition response, % of K,S0,

1 mM NH,;* + 20 mM K,SO, 100
1 mM NH;* + 20 mM Na,SO, 100.36
1 mM NH,* + 20 mM NaCl 99.86
1 mM NH,* + 20 mM KCI 100.11
1 mM NH,* + 20 mM CaCl, 96.82
1 mM NH,* + 20 mM Ca(NO,), 95.11
1 mM NH,* + 10 mM CaCl, 98.98
1 mM NH,* + 10 mM Ca(NO,), 99.02
asr
& 30}
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Flgure 10. Effect of NH,* ccncentration on the fluorescence of
NH,*-OPA product. The K-PO, was at 206 mM and the other con-
ditions were as in Figure 4. See Table 11 for statistical analysls. 50
mM K,S0, was Included in all samples.

band did not fully mix with the OPA reagent. Thus, the ionic
concentration of the sample band remained different from that
of the OPA reagent surrounding it on both sides. Due to the
osmotic effects, then, the salt content of the sample band
controlled the mixing of the sample with the reagent. When
a mixing chamber wax inserted in the fluid stream (to force
complete mixing), the results remained unchanged. Moreover,
the addition of sucrose insteed of K,SO, did not decrease the
fluorescence (results not shown}. These observations show
that the effect of sample ionic concentration on fluorescence
was not due to mixing or osmotic reasons. Instead, it was
probably related to the decreased activity of NH,* ion in the
sample due to ionic strength.

The effect of sample ionic concentration on the formatijon
of OPA-NH,* fluorophore has not been reported previously.
It is possible that the OPA-primary amines/amino acids
product may also be affected; however, it is difficult to assess
at this time whether the effect was caused only .nder the
conditions used in this study. Taylor et al. (7) carried out the
reaction in a test tube at room teinperature. Judging fromn
the similarities in the effect of ionic concentration of the OPA
reagent on the fluorescence observed in this study and those
reported by Taylor et al. (7), the effect of the ionic concen-
tration of the sample remains a strong possibility under many
conditions involving OPA reagent.

Effect of Various Inorganic Salts in Sample on the
Fluorescence. Four salts, out of six tested, namely K,SO,,
Na,S0y, NaCl, and KCl, affected the fluorescence of OPA-
NH,* chromophore similarly. This shows that there were no
specific ionic interactions involved in the formation of
NH,*-OPA chromophore. The other two, CaCl, and Ca(N-
Ogy)s, had slightly greater effect than any one of the other four,
at equimolar concentrations (Table ). The effect of the latter
two salts was about the same as the former four at half the
concentration (Table I). This suggests that the anions con-
tributed more to the observed salt effect.

Ammonium Concentration vs Fluorescence. The NH,*
concentration of the sample (from 0 to 20 mM) vs fluorescence
(5- and 20-pL injections at 63 °C) is shown in Figure 10.
Basically, the response was curvilinear and represented a
second-order function. Such a response is generally expected
of fluorometric methods over a large concentration range (11).

Table I, Useful Linear Ranges of NH,* Concentration
under Different Conditions with Fluorescence
Measurements

corr coelf
concn range, mM (r)

corr coeff
concn range, mM (r)

5-uL Injections, 63 °C 5-uL Injections, 37 °C

0.0015-4 0.99985 0.0023-10 0.999 98
1-7 0.999 83 1-20 0.99997
4-20 0.99970
0.5-uL. Injections, 63 °C

90-uL Injections, 63 °C

#L Injections 0.002°-13 0.99999
0.0002°-2 0.99976 0.75-20 0.999 95
1-4 0.99989
7-20 0.99576

° Represents the lower limit of quantitation (LOQ).
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Figure 11. Effect of NH,* concentration on absorbance (A 4yok
moderation of linear concentration range by sample injection volume.
Conditions are the same as those given In Figure 10. See Table 111
for statistical analysis. K,S0, (50 mM) was included In all samples.

In this study at attempt was made to enlarge the linear con-
centration range by varying different parameters. The re-
sponse for 0-20 mM NH,* concentration was essentially linear,
when the assay was done at 37 °C, 5-uL injections (y = 0.04
+ 1.749X, r = 0.99997; y = -0.009 + 1.788X - 0.00228X2, r
= 0.99999), and at 63 °C, 0.5-uL injections (y = -0.0292 +
1.205X, r = 0.99995; y = 0.010 + 1.273X + 0.0018X2% r =
0.99998) (data not shown). Useful linear concentration ranges
(see Experimental Section), under different conditions, are
listed in Table II. In general, the linear concentration range
was extended by changing a parameter such that it resulted
in decreased intensity of fluorescence (response). For example,
a decrease in the volume of sample injected from 20 to 5 uL
resulted in extending the linear range from 0.0002-2 mM to
0.001-4 mM (Figure 10 and Table II). Injection of a 0.5-uLL
sample yielded a linear range of 0.002-13 mM (Table ID).
Similarly, with a decrease of the temperature at which reaction
was carried out from 63 to 37 °C (5-uL injections), the linear
range increased from 0.001-4 mM to 0.002-10 mM (Figure
10, Table II). Thus, the system is quite flexible and the
individual investigators may choose the conditions suited for
their application. A LOQ of 2 pmol of NH,* was possible
under the conditions of maximal sensitivity (K-PO,, 200 mM;
OPA, 10 mM; mercaptoethanol, 12,5 mM; temperature, 63 °C;
residenice time, 2 min). The fluorescence sensitivity of
NH,*-OPA product relative to quinine sulfate was calculated
to be about 1:25 at 63 °C.

Ammonium Concentration vs Absorbarce. Photometric
response (Ay;o) of the OPA-NH,* product was similar to the
fluorometric response in characteristics and was curvilinear
(over a concentratior. range of 0-20 mM), even though the
maximum absorbance was well below a value of 2.0 (Figure
11). The useful linear concentration ranges were also similar
to the fluorescence method (Table 1), A change in con-
ditions that resulted in lower absorbance increased the linear
concentration range. The nonlinearity in concentration vs
response (fluorometric or absorbance) may be related to the
efficiency of derivatization or OPA-NH,* reaction kinetics.



Table III. Useful Linear Ranges of NH,* Concentration
under Different Conditions with Absorbance (A 40)
Measurements®

concn concn
range, range,
mM corr coeff (r) mM corr coeff (r)

5-uL Injections, 63 °C 20-uL Injections, 63 °C

0.05%-4 0.599 89 0.02%-4 0.999 85
1-10 0.999 95 1-7 0.999 34
2-16 0.999 94 2-10 0.999 26
4-20 0.999 66 7--20 0.99592

“Data from Figure 12. ®Represents the lower limit of quantita-
tion (LOQ).

1 1 1 1 ]
20 40 60 80 100
Somple volume injected, 0.2 mM NH,

Figure 12. Effect of sample volume injected on the fluorescence of
NH,*-OPA product. Conditions are the same as those given In Figure
10. K,S0O, (5C mM) was Included In the sample.

The use of spectrophotometry (instead of fluorometry)
attempted in this study, to measure OPA-NH,* product,
seemed quite feasible. This has not been possible in the past
primarily due to sensitivity problems. However, the modern
spectrophotometric detectors made for HPLC are about an
order of magnitude more sensitive than the older models. In
this study we measured an absorbance of about 0.1 absorbance
units (optical density) for 40 nmol of NH,* (20 uL of 2 mM).
An average “specific absorbance” of 2.41 X 10° & 0.028 x 108
absorbance units (AU) per mole of NH,* was calculated from
solutions containing 0.1-4 mM NH,* (20-uL injections).
Therefore, assaying NH,* quantities of up to 1 nmol, using
spectrophotometry, should not be a problem.

Effect of Sample Volume on Fluorescence. In this
system, the fluorometric response increased linearly with the
sample volume (0.2 mM NH,*) injected up to 30 uL (6.0 nmol
of NH,*, Figure 12). When 20-uL samples were injected, the
linearity occurred up to a concentration of 2 mM (40 nmol,
Figure 10); therefore, the deviation from linearity observed
with injection volumes greater than 30 uL of 0.2 mM NH; was
probably not due to the mass of NH,* injected, per se. In-
stead, it seems that the sample volume affected the efficiency
of derivatization independently. In our system, the sample
volume generally remains constant. "Thus, this factor should
not be of any consequence; however, the sample volurae effect
may be related to the mixing of the sample and the reagent.
This in turn may be related to the length of “sample plug”,
which is a function of the interna! diameter of the tubing used.
Tt may be possible to reduce this effect by choosing a larger
internal diameter tubing, if variable and larger sample voluimes
are to be injected.
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Reproducibility. The analysis of a 1 mM NH,* solution
40 times in 1 h gave a relative standard error (RSE) of £(.0015.
When the assay was done at 37 °C, the RSE was slightly
higher (£0.0023, results not shown). This was expected be-
cause a slight fluctuation in reaction temperature at 37 °C
caused relatively a greater change in resp .nse, than at 63 °C
(Figures 5 and 6).

General Comments and Suggested Procedure. An OPA
reagent composed of 100 mM K-PO,, 3 mM OPA, and 10 mM
2-mercaptoethanol, pH 6.8, is suggested for routine purposes,
For higher sensitivity, the OPA concentration may be in-
creased up to 10 mM. If greater buffering is needed (de-
pending on the sample pH), the K-PO, concentration of the
OPA reagent may be increased to 200 mM. For samples with
high acid content (e.g. acid digests of organic materials), in-
jection of small volumes (0.5 xL) would eliminate the need
for an additional step of sample dilution. We have analyzed
acid digests of plant materials (ca. 1.25 M H,80,) with high
reproducibility (£0.5%), without any sample dilution, by
injecting 0.5-uL samples. High correlation coefficients (r =
>0.94) were found when the present method was compared
to the conventional methods (distillation of NH,* into boric
acid solution followed by titration and phenol-hypochlorite
method) of NH,* detection, by using acid digests of several
plant materials (an assay for total nitrogen). If an injector
capable of injecting small volumes is not available, the acid
digests must be diluted such that the sample pH does not
effect the response. For samples with low salt background
(<50 mM), a small aliquot (about 1% of the sample volume)
of a concentrated salt solution (e.g. 5 M Ca(NO,),) to an
approximate sample volume, can be edded to alleviate the salt
effects. More rigorous volumetric additions should be made
for greater accuracy. The volume of the sample to be injected
would largely depend on factors such as sensitivity, linear
range required, and the sample pH. A minimum of 2 min
residence time is recommended. Overlapping injections at
an interval of about 1 min can be made such that 50-60
samples can be analyzed per hour.

Registry No. OPA, 643-79.8; NH,*, 14798-03-9; K,SO,,
7778-80-5; Na,SO,, 7757-82-6; NaCl, 7647-14-5; KCl, 7447-40-7;
CaCl,, 10043-52-4; Ca(NO;),, 10124-37.5; 2-mercaptoethanol,
60-24-2,
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