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Herbal tea products, are used for medicinal purposes for infants, yet do not fall under strict regulations, 
like drugs. Herbal tea products, may lead to a cure, but under certain conditions may lead to serious 
health problems, due to over dosage, heavy metal contamination and presence of other contaminants 
and active ingredients. This research investigated the nitrate and nitrite contamination of herbal tea 
products sold in the market, as exceeding the United States Environmental Protection Agency (US EPA) 
permissible levels, could lead to serious health problems such as methemoglobinemia and cancer. This 
research indicated that some samples exceeded the permissible US EPA levels (10 mg/L nitrate-
nitrogen and 1 mg/L nitrite-nitrogen), while other samples showed high levels but did not exceed the set 
standard limits, and in others no contamination was detected. This research presented important 
information about the contamination of herbal tea products and calls for stricter regulations for this 
industry, as these products are used as drugs but do not fall under strict drug regulations. Accordingly, 
this will ensure a safer product for our children and better health conditions. 
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INTRODUCTION 
 
The quality of the herbal tea products is of great concern, 
as they are used for medicinal purposes without being 
subjected to extensive clinical studies, and do not require 
a doctor’s prescription (Lanski et al., 2003; Woolf, 2003).

 

Herbal tea products are used by mothers to help with 
their children digestion, teething problems, gas, 
respiratory problems, and fussiness, in addition to being 
used as a beverage (Zhang et al., 2011). Herbal teas 
were shown to be used as early as one month of age 
(Zhang et al., 2011).

 

Herbal tea products do not fall under strict regulations 
that involve quality control testing and accurate 
identification of the herbal plants and their concentration, 
and that control manufacturer processes and labeling 
claims, and accordingly there is a concern about their 
purity, effectiveness, level of contaminants, and the 
interaction with other  herbs   and   drugs   that   may   be  
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experienced (Kemper et al., 2008; Woolf, 2003). Herbal 
tea products are sold under many brands, and may con-
tain many other ingredients of natural herbs, oils, plants, 
chemicals, and contaminants, which raises concern over 
the toxicity and adverse effects of the herbal tea products 
(Woolf, 2003). If such product is administered at high 
doses, it may affect children more than adults, due to size 
difference, body function and ability to detoxify them, and 
as a result may lead to health problems and death if not 
treated properly (Bakerink et al., 1996; Ize-Ludlow et al., 
2004; Saper et al., 2004; Tomassoni and Simone, 2001; 
Woolf, 2003). 

Herbal tea products may also pose other health 
problems, were contaminated soils and improper 
cleaning and manufacturing processes, may lead to the 
presence of microorganisms, heavy metals such as 
arsenic and mercury (Rembialkowska, 2007; Saper et al., 
2004; Woolf, 2003) and other chemical contaminants 
such as nitrate (NO3

-
) and nitrite (NO2

-
), in the herbal 

plants used for the production.Several research showed 
concern over the presence of nitrate and nitrite in the 
prepared food and water, as  they  may  lead  to  serious 
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health problems, such as methemoglobinemia (Adam, 
1980; ATSDR, 2007-2010; BruningFann and Kaneene, 
1994; Casanova et al., 2006; Egboka, 1984; Eichholzer 
and Gutzwiller, 2003; Gapper et al., 2004; George et al., 
2006, 2007; L’Hirondel and L’Hirondel, 2002; McMullen et 
al., 2005; Merino et al., 2000; WHO, 1992). 
Methemoglobinemia “Blue Baby Syndrome” is a condition 
in infants, where nitrite combines with hemoglobin and 
decreases the ability of blood to carry oxygen 
(BruningFann and Kaneene, 1994; Casanova et al., 
2006; Eichholzer and Gutzwiller, 2003; L’Hirondel and 
L’Hirondel, 2002; McMullen et al., 2005; Santamaria, 
2006). Methemoglobinemia, if not recognized and 
treated, even though fatalities caused by it are rare and 
treatments are available and can reverse the conditions 
rapidly, it might lead to drastic conditions (L’Hirondel and 
L’Hirondel, 2002). Nitrate contamination can also lead to 
the formation of nitrite in the body, which can potentially 
lead to the formation of carcinogenic N-nitroso 
compounds, in adults (BruningFann and Kaneene, 1994; 
Casanova et al., 2006; Eichholzer and Gutzwiller, 2003; 
McMullen et al., 2005; Merino et al., 2000; 
Rembialkowska, 2007), and can affect pregnant woman 
and her fetus (ATSDR, 2007-2010).  

Nitrate and nitrite exist naturally at low levels in the 
environment, yet human activities increase their levels, 
and can lead to both environmental and health problems. 
Elevated amounts of nitrate and nitrite can exist in our 
drinking water, as a result of agricultural activities that 
involve the excessive use of fertilizers and animal waste, 
runoff, leaching and release of untreated sewage and 
industrial waste (Adam, 1980; ATSDR, 2007-2010; 
Egboka, 1984; George et al., 2006; George et al., 2007; 
L’Hirondel and L’Hirondel, 2002; Merino et al., 2000; 
Santamaria, 2006; WHO, 1992). Nitrate and nitrite levels 
can also exist in food products as a result of food 
processing, use of preservatives and improper storage, 
for example, they have been found in grains and 
vegetables (Eichholzer and Gutzwiller, 2003; Sanchez-
Echaniz et al., 2001).  

As a result, the United States Environmental Protection 
Agency (US EPA) has set a Maximum Contaminant Level 
Goal (MCLG) of nitrate-nitrogen at 10 mg/L and nitrite-
nitrogen at 1 mg/L in our drinking water (US EPA, 2009). 

Many research studied the nitrate and nitrite levels in 
the final prepared food or beverage product, that is, after 
it is prepared with water, and considered the source of 
nitrate and nitrite contamination to be mainly from the 
water used, yet few studies were done on the plants or 
ingredients that were used  in  the  preparation  and  their 
contribution to the overall contamination levels in the final 
product. Nitrates and nitrites not only find their way in our 
drinking water, but also into our plants and food. 
Therefore, the goal of this study is to investigate the 
nitrate and nitrite contamination contributed only from the 
herbal tea products that are sold in the United Arab 
Emirates (UAE), for infants and children intake, and as a 
result   demonstrate    their    contribution    to    the    overall 

 
 
 
 
contamination after it is prepared with water, and 
accordingly reflect on the quality of the herbal teas, and 
on the need for stricter regulations for the production of 
such products that are used as an alternative to 
prescribed drugs. 
 
 
MATERIALS AND METHODS 

 
Herbal tea samples 
 
Ten brands of herbal tea products, representing all of the brands 

that are marketed for infant/children intake in the UAE market, were 
purchased from local markets in Dubai, Abu Dhabi, and Sharjah in 
UAE (Table 1). The samples varied in ingredients, texture, form, 
smell and flavor (Table 1). All the samples were in the processed 
form when purchased and were in the form of small dried pellets, 
except for sample 7 that was unprocessed (Figure 1). The samples 
were stored at similar conditions to the local market, and were 
analyzed after purchase. The herbal tea samples were tested for 
nitrate and nitrite anions.  

The herbal tea samples were prepared by dissolving 1 g of the 
sample in 10 ml de-ionized water (Millipore “Simplicity” Purification 
System, USA), and were filtered through a 0.45 μm membrane filter 
(Schleicher and Schuell, UK), prior to ion chromatography (IC) 
analysis, without heating. Sample 7 was prepared in the same way 
as the other samples, but to speed up the dissolving process, it was 
sonicated for 5 min before filtration. 

 
 
Analysis of the anions  

 
The concentration of the anions were measured at room 
temperature using waters IC system, consisting of IC-Pak Anion HR 
4.6 × 75 mm column, 616 pump with 600 S controller, 717plus 
autosampler, 432 conductivity detector and Millennium 32 software. 
The isocratic mobile phase was prepared by mixing 20 ml of n-

butanol (high performance liquid chromatography (HPLC) grade, 
Hipersolv, UK), 120 ml of acetonitrile (HPLC grade, Hipersolv, UK), 
20 ml of sodium borate/gluconate concentrate, then diluted to 1 L 
by de-ionized water, then homogenized, filtered through 0.2 μm 
membrane filter (Schleicher & Schuell, Germany) and degassed by 
sonication. The IC flow rate was set at 1.0 ml/min. The autosampler 
injection volume was 50 μl for the standards, and 5 to 100 μl for the 
samples depending on the anion concentration in the samples.  

A multi ion standard (Seven Anion Standard II Standard, Dionex, 

USA) was used as the standard stock solution, from which the 
different calibration curves (correlation coefficient ≥ 0.99), for all of 
the measured anions were developed. The calibration curves were 
prepared with a concentration range of 0 to 50 mg/L nitrate and 
nitrite. The detection limits of nitrate-nitrogen and nitrite-nitrogen 
were 0.12 and 0.05 mg/L, respectively.  

Recovery of the applied method of analysis  of  the  anions,  was 
accomplished by spiking the prepared herbal tea samples with 

aliquots of the anion standard, and then was analyzed. Recovery of 
nitrate and nitrite in the analyzed spiked samples ranged from 

98.62 to 106.7% for nitrate, and 98.69 to102.6% for nitrite, with a 
standard deviation ranging from +/- 0.004 to 0.05. 

  
 
RESULTS AND DISCUSSION 
 
Nitrate and nitrite contamination of the herbal tea 
products was the main concern of this research. In the 
literature, many research and  sources  report  the  nitrate 
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Table 1. Description of herbal tea samples: ingredients and age intake recommendation. 
 

Herbal 
sample 

Herbal sample description 

Herbal ingredients Other ingredients 
Recommended 

for month 
Processed (P) or 

non-processed (N) 
Origin 

1 Fennel Glucose, sucrose Birth P Germany 

      

2 Chamomile Glucose, sucrose 2 P Germany 

      

3 
Chamomile, balm, peppermint, 
fennel, anise, thyme 

Dextrose, maltodextrin 6 P Germany 

      

4 Fennel 
Dextrose, sucrose, 
maltodextrin 

6 P Germany 

      

5 Herbal extract Glucose, sucrose 4 P Germany 

      

6 
Hibiscus, rose hip, raspberry, 
orange, peach 

Dextrose, sugar, 
maltodextrin, citric acid, 
ascorbic acid, vegetable oil 

6 P Germany 

      

7 Fennel None Birth N Germany 

      

8 Fennel 
Dextrose, sucrose, 
maltodextrin 

6 P Germany 

      

9 
Chamomile, balm, peppermint, 
fennel, anise, thyme 

Dextrose, maltodextrin 6 P Germany 

      

10 Chamomile Glucose, sucrose 2 P Germany 

 
 
 
and nitrite levels in water and food, without mentioning, 
whether it is the nitrate-nitrate or nitrate-nitrogen 
parameter that is used for example, similarly for nitrite 
levels. The US EPA states that the amount of permissible 
nitrate and nitrite levels (10 and 1 mg/L, respectively), 
correspond to the nitrogen forms of these anions, for 
example nitrate-nitrogen (US EPA, 2009). In Table 2, we 
report the results in both parameters for comparison, first 
to show that there is a difference between the values of 
the corresponding parameters and second to emphasis 
the necessity to mention which form of nitrate-nitrate or 
nitrate-nitrogen parameter is reported, for example, in the 
literature, as this could lead to a misunderstanding, which 
could lead to serious health problems, if high levels exist. 
In this research, the nitrate- nitrogen and nitrite-nitrogen 
parameters will be discussed, to be in agreement with the 
US EPA guidelines and the literature.  

Nitrate-nitrogen was detected in six of the ten analyzed 
samples, with contamination levels that ranged from 2.8 
to 12.0 mg/L (Table 2). Only two samples demonstrated 
nitrite-nitrogen contamination, 0.7 and 4.3 mg/L (Table 2). 

Results showed that all the samples which contained 
nitrate-nitrogen and  nitrite-nitrogen, did  not  exceed  the 
US EPA allowed MCLG of  10  mg/L  for  nitrate-nitrogen,  

and 1 mg/L for nitrite-nitrogen, except for sample 5 for 
nitrate-nitrogen, and sample 1 for nitrite-nitrogen (Table 2 
and Figure 2). Samples 1, 2, 3 and 9 contained high 
levels of nitrate-nitrogen, and also sample 3 contained 
high level of nitrite-nitrogen, but were all still below the 
allowed US EPA MCLG (Table 2 and Figure 2). High 
levels of nitrate-nitrogen and nitrite-nitrogen in the herbal 
tea products could be attributed to the use of fertilizers 
and other sources as mentioned earlier, or from the 
production process which may involve the use of preservatives. 
Such high levels may lead to a serious problem, 
especially, when such products are prepared with 
drinking water that already have some nitrate and nitrite 
contamination, which will lead to even higher levels and 
as a result exceed the US EPA set MCLG. This is 
especially important when such products are prepared 
and given to infants under 4 to 6 months of age 
(Knobeloch et al., 2000; McMullen et al., 2005). Infants 
under this age have a stomach pH higher than 4, which 
can allow more nitrate to change to nitrite, presenting 
more danger (WHO, 2007). Nitrite is more dangerous as 
it has the ability to form carcinogenic compounds by more 
danger (WHO, 2007). Nitrite is more dangerous as it has 
the    ability    to    form    carcinogenic    compounds    by 
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Figure 1. Herbal samples obtained from the UAE market. Herbal sample in the processed pellet 

form (A), and natural unprocessed form (B). 
 
 

 
Table 2. Nitrate and nitrite levels (mg/L) in the analyzed herbal tea samples. Nitrate and nitrite levels are expressed in two 

different parameters with a standard deviation (SD) that ranged from ± 0.0 to 2.9.  
 

Herbal sample Nitrate-Nitrate Nitrite-Nitrite Nitrate-Nitrogen Nitrite-Nitrogen 

1 35.4 14.3 7.9 4.3 

2 31.5 0.0 7.0 0.0 

3 44.2 2.4 9.8 0.7 

4 0.0 0.0 0.0 0.0 

5 54.2 0.0 12.0 0.0 

6 0.0 0.0 0.0 0.0 

7 0.0 0.0 0.0 0.0 

8 0.0 0.0 0.0 0.0 

9 38.0 0.0 8.4 0.0 

10 12.7 0.0 2.8 0.0 

 
 
 
reacting with the naturally present amines in the body, 
under the right conditions and concentrations (McMullen 
et al., 2005). In addition, nitrate and nitrite contribute 
directly and indirectly to methemoglobinemia in infants, 
which can cause other serious health problems 
(Knobeloch et al., 2000).

 
 

Comparing the results of the analyzed samples, it was 
shown that, when detected, the nitrate-nitrogen levels 
exceeded the nitrite-nitrogen levels in each sample, 
which is consistent with several thoughts (Table 2). 
Nitrates are more stable than nitrites (Okafor and 
Ogbonna, 2003). Nitrates usually exist in small amounts 
in plants, but under certain conditions, such as when 
inadequate amount of water is available, and when there 
are changes in temperature and energy, and when 
excessive amounts of fertilizers and animal waste are 
used, nitrate levels can increase and become stored in 
the stalk and parts of the leaves of the plants, and 
accordingly, contaminate the food (Undersander et al., 
(www.uwex.edu)).  

The label of the product act as an important source of 
information for the consumer, as it reflects on the 
contents and quality of the product. For all the analyzed 
products, the labels included information on the ingre-
dients, calorie content and only one product reported the 
calcium content and another reported the sodium 
content. Results, in this research demonstrated the 
importance of testing for nitrate and nitrite in the herbal 
tea products and as a result, call for the reporting of the 
nitrate and nitrite levels on the labels of the products, as 
they may lead to serious health problems, if the 
permissible levels are exceeded.  

In conclusion, this research presented the need for 
reporting the nitrate and nitrite contamination levels in the 
literature, using unified parameters, for example, using 
the nitrate-nitrogen parameter that is required by the US 
EPA versus nitrate-nitrate parameter, and not using them 
interchangeably without reporting which parameter is 
used, as this could lead to misinterpretation of the results. 
This   research   demonstrated   that   nitrate   and   nitrite 

http://www.uwex.edu)/
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Figure 2. Nitrate-Nitrogen (A) and Nitrite-Nitrogen (B) levels in herbal tea samples, 

compared to the EPA MCLG (Dashed vertical line). Herbal tea samples are 
represented by (□) and (■). 

 
 
 

contamination of the herbal tea products, after they are 
prepared with water, could result from the herbs 
themselves, and not only contributed from the drinking 
water used for the preparation. In other words, such 
contamination levels could have resulted from the 
contamination of the plants themselves, due to excessive 
use of fertilizers and harsh environmental conditions, and 
or they could have resulted from the manufacturing 
process itself.  

Accordingly, special attention should be given to their 
use, manufacturing processes, information reporting and 
labeling and contamination. Herbal tea products do not 
fall under strict regulations like drugs, but since nitrate 
and nitrite contamination of the samples was detected 
and herbal tea products are used for medicinal purposes, 
then this research calls for stricter testing and regulations 

for this industry, in order to make sure that the products 
are safe for consumption by our children. 
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