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Abstract: The increase in total Kjeldahl nitrogen (TKN) concentrations is correlated with increases in
cyanobacterial bloom biomass. Standard methods for the measurement of TKN are tedious, costly,
time-consuming and involve the use of hazardous catalysts, such as mercury, high temperatures
and significant amounts of toxic acids and bases. Since TKN plays a pivotal role in influencing
algal blooms, there is an urgent need to develop simpler, safer and more accurate methods for the
determination of TKN. The simplified TKN method (s-TKN™) developed by Hach® offers several
advantages over the traditional TKN method, including eliminating the use of mercury, requiring
low sample and reagent volumes and being cost-efficient and user-friendly. This communication
presents preliminary results comparing the efficacy of s-TKN™ and the standard method, using
commonly used primary standards and waste, estuarine and lake water matrices. For all primary
standards analyzed, the s-TKN™ method exhibited good accuracy across a wide range of concen-
trations. The repeatability for the glycine–para-toluene sulfonic acid (Gly-PTSA) standard using
the s-TKN™ method was 4.1% at the highest concentrations analyzed, with overall repeatability
across concentrations comparable to the standard EPA method. For wastewater, estuarine and lake
matrices, a good correlation (r2 = 0.9917) between the two methods and no statistical difference in the
values (p > 0.05) were obtained between two methods. Preliminary studies indicate that the s-TKN™
method has the potential to reduce the expenditure associated with the cost of analysis and has the
potential to be a safer and cheaper alternative, while providing comparable analytical results to the
standard method.

Keywords: total Kjeldahl nitrogen (TKN); wastewater; nitrates; inorganic nitrogen; total nitrogen;
organic nitrogen; primary standard

1. Introduction

Cyanobacterial harmful algal blooms (CHABs) present an eminent threat to freshwater
ecosystems. Research over the last decade has revealed phosphorus to be the key limiting
nutrient for freshwater systems [1]. The role of nitrogen as a potential source of the
occurrence of CHABs has not received much attention until recently for a couple of reasons:
(1) in Lake Erie, total nitrogen loads have not increased significantly in the last 10 years [2],
and (2) no correlations have been found between concentrations of oxidized forms of
nitrogen (NO3

− and NO2
−) and the formation of CHABs [3]. However, all forms of

nitrogen are not equally bioavailable to cyanobacteria. Bioavailable nitrogen is available in
both reduced and oxidized forms, which are not utilized by cyanobacteria at similar rates,
with many cyanobacterial species preferring the reduced forms of nitrogen. Davis et al. [4]
demonstrated that microcystin concentrations increased more frequently with additions of
dissolved nitrogen, and the addition of urea and phosphate yielded the highest microcystin
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concentrations. Newell [5] reported that an increase in non-nitrate nitrogen (or Kjeldahl
nitrogen) is significantly correlated with CHAB biomass.

These findings, in conjunction with earlier work, demonstrate that chemically reduced
forms of nitrogen (urea, NH4

+ and dissolved organic nitrogen) are strongly favored by
non-nitrogen-fixing cyanobacteria [6–8], with ammonium and urea being reported to
be the preferred N source for CHABs [9–11]. In addition, dissolved organic nitrogen
(DON) contributes significantly to the overall nitrogen content in estuaries and coastal
waters [12–15]. These results demonstrate that managing phosphorus and nitrogen are
important to controlling algal blooms [16].

The measurement of total Kjeldahl nitrogen (TKN) provides a useful parameter for
measuring nitrogen content, as it includes bioavailable nitrogen forms (ammonium and
urea). Typically, TKN is measured using a method developed by Johan Kjeldahl and
consists of three steps: digestion, distillation, and titration [17]. In this method, samples
are digested with concentrated sulfuric acid in the presence of a mercury catalyst to
convert organic nitrogen to ammonium sulfate. The ammonium ion is subsequently
released as ammonia, which is measured using titration. This classical method has several
disadvantages, including the use of excess concentrated sulfuric acid, the use of a metallic
catalyst (either mercury or copper is used), long reaction times, multiple steps, high costs
associated with waste disposal (if mercury is used as a catalyst) and high temperatures
(380 ◦C) required for digestion.

To overcome some of these limitations, semi-automated Kjeldahl methods have been
developed to replace the use of mercury as a catalyst, reduce the number of steps and
increase the efficiency of analysis. However, most semi-automated methods continue
to utilize high temperatures (360 ◦C) and concentrated sulfuric acid and involve longer
digestion times (3.5 h). The semi-automated method remains cost-intensive to set-up
and run on a routine basis. The TKN method is also reported to suffer from interfering
substances, including the presence of nitrates [18].

Since variability in TKN concentrations can have a profound effect on the occurrence
of algal blooms, it is important to develop simpler methods for the determination of TKN.
The Hach® simplified TKN (s-TKN™) method enables the simultaneous determination
of TKN, total nitrogen (TN) and NOX (a combination of both nitrate and nitrite) in water
and wastewater samples. The s-TKN™ method has several advantages over the semi-
automated and classical Kjeldahl methods of analysis, including small sample sizes (less
than 2 mL required for analysis), lower digestion times (1 h digestion), lower reaction
temperatures (100 ◦C) and the use of less hazardous reaction conditions, while it eliminates
the use of hazardous mercury compounds [19]. In addition, since all materials required for
analysis come pre-packaged, there is minimal clean-up and preparation required.

To the best of our knowledge, there have been no published reports on the ability
of this method to accurately and precisely estimate TKN concentrations. The goal of this
communication is to evaluate the viability of the Hach® method for the measurement of
TKN using well-known standards and wastewater matrices, and to compare efficacy with
the Environmental Protection Agency’s (EPA) approved method (351.2).

2. Materials and Methods

The Hach® s-TKN™ method was used for the simultaneous determination of NOx,
TN and TKN. The block digestor capable of heating to 100 ◦C is needed for digestion and
the Hach® DR3800 spectrophotometer required for colorimetric analysis were purchased
from Hach®. All materials and reagents required for analysis are integrated within the
s-TKN™ kits, with detailed instructions for analysis. The persulfate method of converting
organic nitrogen to nitrate, used in the Hach® method, has been found to be superior
to the Kjeldahl digestion method in terms of cost, reliability, and precision [20]. TN is
determined by digesting a sample for 1 h at 100 ◦C, with potassium persulfate oxidizing
all forms of nitrogen to nitrate. The solution is neutralized and digestate is analyzed
spectrophotometrically for nitrate. Nitrate ions react with 2,6-dimethylphenol in a solution
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of sulfuric acid and phosphoric acid to form nitrophenol. Nitrodimethylphenol is a highly
colored product which is measured spectrophotometrically at 345 nm. The undigested
sample is also reacted with 2,6-dimethylphenol to measure the nitrate originally present in
the sample. TKN is then calculated using Equation (1).

[TKN] = [TN] − [Nitrate and nitrite (NOx)] (1)

TKN was determined using the EPA-approved method (351.2) at the National Center
for Water Quality Research at Heidelberg University. All reagents are prepared with
ACS reagents and were used within six months. The digestion reagent used is a mixture
of sulfuric acid–mercuric sulfate potassium sulfate solution. Digestion is carried out at
360 ◦C for 3 h in a block digestor; samples are cooled below 100 ◦C before ammonia is
analyzed colorimetrically.

TKN standards—urea, glycine p-toluenesulfonic acid (Gly-PTSA), ammonium
p-toluenesulfonic acid (Am-PTSA), nicotinic acid p-toluenesulfonic acid (Nic-PTSA), wastewa-
ter standard and 1.0 and 1000 ppm ammonia standard—were purchased from Hach®. All
standards were prepared with deionized water and were analyzed within a week after
preparation. The Am-PTSA and Nic-PTSA samples were analyzed in duplicate, while
the Gly-PTSA samples were analyzed 5 times for each concentration to calculate relative
standard deviation.

Three different types of sample matrices were analyzed: wastewater (29 samples), lake
water (4 samples) and estuarine water (12 samples). All samples were collected on separate
days (as an example, 29 wastewater samples were collected on 29 different days) and were
refrigerated per EPA-recommended sampling techniques [21].

The initial precision and recovery of 5.0 ppm ammonia solution was analyzed using
the manufacturer’s recommendations and was to be 107% (acceptable range 90–110%). The
accuracy and precision were analyzed using wastewater effluent solution. The repeatability
for wastewater effluent solution containing 3.56 mg/L of TKN is 3.9%.

3. Results and Discussion

The Hach® s-TKN™ method is applicable for the detection of TKN values in the range
between 1 and 16 mg/L and is approved by the EPA for monitoring TKN in wastewater
and other water bodies [22]. The goal of this paper is to assess the utility of the s-TKN™
method for determining TKN concentrations and to compare the efficacy to the traditional
EPA method.

The efficacy of the s-TKN™ method was first analyzed using the standard samples
commonly used in TKN analysis. Three primary standards (Gly-PTSA, Am-PTSA and
Nic-PTSA) have been found to be useful to prove the accuracy of the method [23]. Am-
PTSA is one of the easiest digestible standards with a digestibility index of zero. Nic-PTSA
has a digestibility of 10, while Gly-PTSA has a digestibility index of 3. The Nic-PTSA
and Gly-PTSA standards were analyzed at different concentrations using the s-TKN™
method and standard EPA method (351.2). Since Am-PTSA has very high digestibility, it
was analyzed only using the s-TKN™ method. In addition, since urea is often used as a
standard in TKN analysis, the efficacies of the s-TKN™ method were compared to the EPA
351.2 method.

Starting with Nic-PTSA, which is the hardest to digest, with concentrations ranging
from 2 to 12 ppm, the s-TKN™ method was comparable to the standard EPA method
in terms of the recovery rates of nitrogen and the percentage error, as shown in Table 1.
A good correlation between values was obtained from both methods (r2 = 0.9994), as shown
in Figure 1. Am-PTSA, an easily digestible standard, showed a good TKN recovery rate
with a low error rate (Table 2).
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Table 1. Error rate and recovery rate of nitrogen using the simplified TKN method and the standard
method (EPA 351.2) using the nicotinic acid-PTSA standard.

Theoretical TKN
(ppm)

s-TKNTM Method
(Percentage Error)

EPA Method
(Percentage Error)

s-TKNTM Method
(Percentage Recovered)

Standard Method
(Percentage Recovered)

2 1 1 99 99
4 2 7 98 93
8 3 4 97 96
10 3 5 97 95
12 2 5 98 95

Average recovery rate 98 96
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Figure 1. TKN concentrations in Nic-PTSA analyzed using the s-TKNTM method and stan-
dard method.

Table 2. Error rate and recovery rate of nitrogen using the simplified TKN method using Am-PTSA.

Theoretical TKN
(ppm)

s-TKNTM Method
(Percentage Error)

s-TKNTM Method
(Percentage Recovered)

2 2 98
4 5 95
8 5 95
10 1 101
12 2 98
14 1 99
16 3 98

Average recovery rate 97

For urea, as shown in Figure 2 and Table 3, across a range of concentrations (2–16 ppm),
there was good correlation between the values obtained using s-TKN™ and the standard
method (r2 = 0.9922). While the error rates at some lower concentrations (2 and 4 ppm)
are slightly higher in the s-TKNTM method, an overall paired t-test indicated no statistical
difference (p > 0.05) between the s-TKNTM data set and that obtained using the EPA method.

We then analyzed the effect of adding nitrates on the TKN values obtained with both
the standard method and the s-TKN™ method. Since the s-TKN™ method calculates the
TKN values based on the difference in TN and inorganic nitrogen (as shown in equation 1)
the TKN values calculated using the instrument are dependent on the concentration of TN
and inorganic nitrogen. To analyze the effect of concentrations of TN and inorganic nitrogen
on the calculated value of TKN, a mixed standard consisting of different concentrations of
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glycine-PTSA and nitrate (to account for inorganic nitrogen) was prepared and analyzed
using both the s-TKN™ and EPA methods. When comparing only the TKN values, a good
correlation was seen between the results obtained using both the methods (r2 = 0.9864)
(Figure 3). The actual TKN values obtained are provided in the Supplementary Materials.
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Table 3. Error rates and recovery rates of nitrogen using the simplified TKN method and the Standard
method (EPA (351.2) using the urea standard.

Theoretical TKN
(ppm)

s-TKNTM Method
(Percentage Error)

Standard Method
(Percentage Error)

s-TKNTM Method
(Percentage Recovered)

Standard Method
(Percentage Recovered)

2 4 5 105 95
4 5 1 105 101
8 2 1 102 99
10 3 6 103 106
12 2 2 98 102
14 5 5 105 105
16 3 2 103 98

Average recovery rate 104 100
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method and the standard method.
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Figure 4 shows the contour plot for the error rate in TKN values observed as a function
of the theoretical TKN and nitrate concentrations. The s-TKN™ method can measure total
nitrogen concentrations from 1 to 16 ppm. The method has a higher error rate (>5%) when
TKN and nitrate concentrations are close to 8 ppm. However, when higher concentrations
of nitrate and total nitrogen are present, samples can be diluted and reanalyzed. For a fairly
wide concentration range of TKN and nitrate, the error rate is ≤2.5%. Figure 5 shows that
the contour plot for the relative standard deviation (RSD) observed was greater than 2%
when the TKN and nitrate concentrations were at 8 ppm, with an overall range from 0.5 to
5.5%. As a reference, the RSD reported for the standard method is 7.6% [24].
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Figure 5. Contour plot for the relative standard deviation in measured TKN concentrations obtained
using the s-TKNTM method.

On comparing the recovery rate (Table 4) between the standard and s-TKNTM methods,
the average recovery rate is higher for the s-TKNTM method. As seen in Table 4, the recovery
rates stayed relatively constant in the s-TKNTM method irrespective of the amounts of
nitrate–nitrogen present in the sample.



Environments 2022, 9, 55 7 of 10

Table 4. Recovery rates of TKN from mixed standard - glycine–PTSA and nitrate for the standard
and s-TKNTM methods.

Theoretical Nitrate
(ppm)

Theoretical TKN
(ppm)

Theoretical TN
(ppm)

Standard Method
(Percentage Recovered)

s-TKNTM Method
(Percentage Recovered)

8 0 8 NA NA
0 8 8 94 101
8 8 16 93 95
6 6 12 98 98
4 4 8 96 100
2 6 8 89 100
6 2 8 81 100
2 2 4 94 96

Average recovery rate 92 99

In direct contrast, when the concentration of nitrate exceeded the concentration of
TKN, the recovery rate was reduced in the standard method. In the standard method,
solutions containing organic nitrogen and nitrate are heated to 300 ◦C and a loss of Kjeldahl
nitrogen is observed [24]. This loss is due to a chemical reaction between the ammonium
and nitrate, which leads to the formation of nitrous oxide.

The magnitude of this decomposition is higher in the traditional method than the
s-TKNTM method, as samples are heated to a much higher temperature and have a longer
digestion time (greater than 300 ◦C and 3–4 h) in the standard method. In contrast, digestion
temperature and time (100 ◦C for one hour) are significantly lower in the Hach® method.
Wastewater matrices and other real-world samples have the potential to have increased
amounts of nitrate–nitrogen, and increased nitrate levels will lead to error in the TKN
value measured using the standard method. These errors will be minimized in the Hach®

method. In addition, the precision of TKN data obtained using the standard method is
known to be affected when nitrate concentrations are higher than TKN values [24].

Dramatic changes in precision were not seen with the Hach® method. Even when the
concentration of nitrate exceeded TKN, the RSD for TKN was around 3.3%.

Table 5 shows the overall error rate and RSD for TN and nitrate using the s-TKNTM

method. TN and nitrate are directly measured colorimetrically in the s-TKNTM method.
Over the range of concentrations analyzed, the RSD for nitrate was very low. The RSD
for TN is well within the range reported [25]. The higher error rate obtained with 2 ppm
of nitrate and 2 ppm of TKN is being re-evaluated in our laboratories at the current
time. Work is also underway to collect data for mixed standards with nitrate and TKN
concentrations higher than 8 ppm. Actual concentrations obtained for Nicotinic acid-
PTSA, Ammonium-PTSA, Urea and mixed glycine-nitrate standard can be found under
supplementary information (Tables S1–S4).

Table 5. Percent rate and RSD of TN and nitrate in a mixed glycine–nitrate standard using the
s-TKNTM method.

Theoretical Nitrate
(ppm)

Theoretical TKN
(ppm)

Theoretical TN
(ppm)

Percentage Error
(TN)

RSD
(TN)

Percentage Error
(Nitrate)

RSD
(Nitrate)

8 0 8 1.2 2.2 3.0 0.5
0 8 8 1.3 1.4 NA NA
8 8 16 1.9 1.3 2.0 0.5
6 6 12 0.3 1.6 4.0 0.7
4 4 8 3.0 3.4 2.0 0.8
2 6 8 0.8 0.6 4.0 0.7
6 2 8 1.1 0.9 1.0 0.4
2 2 4 1.8 2.0 11 0.7
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Finally, the efficacy of the Hach® method in measuring TKN values of 45 real-world
samples representing wastewater influent, estuarine and lake water samples was deter-
mined and compared to the standard method. As shown in Figure 6, a good correlation
was obtained between both methods (r2 = 0.9917). A Wilcoxon signed rank test indicates no
significant difference between the data obtained from the s-TKN™ and standard methods
(p > 0.05). Actual concentrations obtained can be found under supplementary information
(Table S5).

1 
 

 

 
Figure 6. Comparison of Hach® method and standard method on real-world samples.

4. Conclusions

Recent research has demonstrated the role of organic nitrogen and TKN in influencing
cyanobacterial algal blooms. The standard method for measuring TKN in waste and lake
water samples is tedious, time-consuming, expensive and involves the use of significant
amounts of toxic acids and other reagents. The development of simpler methods to measure
TKN is important in this context. The s-TKN™ method uses significantly smaller amounts
of acids, and the analysis is complete in less than 1.5 h. The method is inherently safer
for operators to perform and eliminates the use of hazardous reagents, such as mercury.
The s-TKN™ method is EPA-compliant, cost-effective (USD 8 pertest for TKN, TN and
NOx combined), while retaining good analytical efficiency comparable to the standard
TKN method.

This communication is the first report comparing the efficacy of the s-TKN™ method
and standard method with a variety of primary standards and water matrices. All primary
standards analyzed using the s-TKN™ method show comparable precision and accuracy
when compared to the standard method. Good correlation was seen between values
obtained using the standard method and s-TKN™ method. In addition, for 45 different
real-world samples encompassing multiple matrices, there was statistically (p > 0.05) no
difference in values, and a good correlation (r2 = 0.9917) was found for the values obtained
using the s-TKN™ and standard method.

Our work also demonstrates that the s-TKN™ method is largely unaffected by the
presence of nitrate in the water sample. Using a mixed water standard containing TKN and
nitrate, we have shown that when the nitrate concentration exceeds TKN concentrations,
the recovery rate of TKN drops significantly in the standard method. Given that many real
water matrices can have significantly high nitrate concentrations, the use of a standard
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method to measure TKN for these samples can potentially yield inaccurate values for
TKN. We have demonstrated that the TKN values obtained using the sTKN™ method are
independent of nitrate concentrations.

Further work is ongoing in our laboratories to document spike recoveries in wastewa-
ter samples. The results from this communication indicate that the s-TKN™ method has
significant potential to reduce the expenditure associated with the cost of analysis and can
be a viable environmentally friendlier alternative to the semi-automated methodology for
TKN analysis.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/environments9050055/s1, Table S1: TKN concentrations from
Nicotinic acid-PTSA measured using s-TKNTM and standard methods; Table S2: TKN concentrations
from Ammonium-PTSA measured using s-TKNTM method. method; Table S3: TKN concentrations
from Urea measured using s-TKNTM and standard method; Table S4: TKN concentrations from mixed
standard - Glycine- PTSA and nitrate measured using s-TKNTM and standard method.; Table S5:
TKN concentrations for real world matrices using s-TKNTM and standard method.
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