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ABSTRACT 

There are two pathways for nitrate to enter into human body: drinking water and food. Therefore, nitrate contamination 
of drinking water and agricultural crops is of particular interest to governments and the general public owing to the pos- 
sible implications for health. This work investigated nitrate contents in various crops and in different parts of each crop 
and in drinking water as well in the Zhangye Basin, Northwest China. It provided evidence of severe nitrate contamina- 
tion of drinking water, especially, in vegetable-growing villages. As to the nitrate contamination of crops, the present 
study revealed that all sampled crops adjust their nitrate distributions in a way that the edible parts contain much less 
nitrate than non-edible parts except lettuce. The nitrate content in the edible root of lettuce reached up to 5900 mg/kg 
exceeding the limit set by the European Commission. 
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1. Introduction 

This Nitrate ( ) is an integral part of the nitrogen  3NO

cycle in the environment. It is oxidized form of nitrogen 
and highly soluble in water. It is invisible, odorless and 
tasteless. Nitrate is commonly found in soil and water 
and is the most effective form by which plants obtain 
their nitrogen. However, it is also most readily lost from 
soil by leaching in drainage water, which may be consid- 
ered as one of the reasons for over-application of nitrogen 
fertilizers [1,2]. 

To meet the food demand of the growing world popu- 
lation, continued increases in food production is a neces- 
sity. Since the mid-19th century, nitrogen has been used 
in the agricultural system to boost productivity. It was 
reported that the nitrogen use increased four-fold in USA 
between 1960 and 1989 [3]. During the same period, the 
nitrogen use in China increased 15 times according to 
China Year Book. Presently, China has become the larg- 
est consumer of synthetic nitrogen in the world, account- 
ing for 32% of the world’s total nitrogen consumption 
[4].  

A particular concern of nitrogen use in agricultural 
practices is the nitrate contamination in waters and ac- 
cumulation in agricultural products. The primary reason 
for the concern is the threat it poses to human health. The 

toxicity of nitrate to humans is mainly attributable to its 
reduction to nitrite. The major biological effect of nitrite 
in humans is its involvement in the oxidation of normal 
Hemoglobin (Hb) to met-Hemoglobin (met-Hb), which is 
unable to transport oxygen to the tissues. The Hb of 
young infants is more susceptible to met-Hb formation 
than that of older children and adults. Drinking water 
with elevated nitrate levels has been highlighted as the 
cause of the so-called “blue baby syndrome” [5]. It is also 
associated with respiratory and reproductive system ill- 
ness, some cancers, and thyroid problems [6,7]. Study by 
Parslowa et al. [8] indicated a positive relationship be- 
tween the incidence of childhood-onset insulin-depen- 
dent diabetes mellitus and levels of nitrate in drinking 
water. On the other hand, studies have shown that vege- 
tables eaten by people contribute about 72% - 94% of the 
total daily intake of nitrate [9,10]. De Martin and Restani 
[11] showed that leafy green vegetables accumulate high 
amounts of nitrate, concentrations reaching up to 6000 
mg/kg. Through a 7-year survey in Slovenia, Susin et al. 
[12] reported that the average nitrate contents of their 
samples were the highest in lettuce (1074 mg/kg), cab- 
bage (881 mg/kg), string beans (298 mg/kg) and carrot 
(264 mg/kg), and they were moderately high in potato 
(158 mg/kg), silage maize (122 mg/kg), strawberries (94 
mg/kg), cucumbers (93 mg/kg) and cereals (49 mg/kg). 
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Besides, low nitrate contents (below 6 mg/kg) were found 
in fruit (grapes, peaches, apples and pears) and tomato. 
Petersen and Stoltze [13] surveyed the contents of nitrate 
and nitrite in lettuce, leek, potato, beetroot, Chinese cab- 
bage and white cabbage on the Danish market. The high- 
est content of nitrate was found in lettuce followed by 
beetroot and Chinese cabbage. They further estimated 
human’s daily intake of nitrate from the vegetables. 
Zhong et al. [14] investigated the contents of nitrate and 
nitrite in potato, cabbage, Chinese cabbage, scallion, cel- 
ery, cucumber, tomato, eggplant and wax gourd taken in 
Northern China. The highest content of nitrate was found 
in celery followed by Chinese cabbage, cabbage, scallion, 
wax gourd and eggplant. The study by Ayaz et al. [15] 
indicated that nitrate concentrations in vegetables in 
Turkey are low and of little concern. The mean content of 
nitrate in vegetable-based infant foods of Estonian origin 
was reported to be 88 mg/kg and the average daily intake 
of nitrate by children in the age group of 4 - 6 years was 
estimate to be 30 mg [16].  

The above-mentioned studies have greatly improved 
the understanding on the possible range of nitrate content 
in various agricultural products. However, they did not 
consider nitrate distribution in crops. Santamaria et al. 
[17] showed that the nitrate content in vegetable organs 
can be listed in the decreasing order from petiole, leaf, 
stem, root to seed. Andrews [18] proposed that a greater 
proportion of nitrate assimilation occurs in the shoot 
when an increase in the rate of nitrate uptake does not 
induce an increase in nitrate reductase level in the root. 
Overall, knowledge on nitrate distribution in agricultural 
crops is still relatively limited.  

The present study focused on an arid region of China 
where groundwater contamination by nitrate due to inten- 
sive farming has been reported. Nitrate contents in vari- 
ous crops and drinking water in the region were measured. 
The objective is to report the current state of nitrate con- 
tamination of crops and drinking water in this region.  

It should be noted that the Joint Expert Committee on 
Food Additives and the European Commission’s Scien- 
tific Committee on Food have set an Acceptable Daily 
Intake (ADI) for nitrate of 3.7 mg/kg bodyweight, which 
is equivalent to 220 mg per day for an adult of 60 kg [19, 
20]. Therefore, it may be stated that infants are more 
vulnerable to nitrate contamination in drinking water 
while adults are more affected by nitrate accumulation in 
foods.  

In the present study, the investigations on nitrate con- 
tamination were conducted mainly in the middle reaches 
of the Heihe River (or the Zhangye Basin) every summer 
from 2009 to 2012.  

2. Materials and Methods  

The middle reaches of the Heihe River was chosen as our 

study area. Heihe River is the second largest inland river 
in China. Its main stream, with a length of 821 km, 
originates from the Qilian Mountains of Qinghai Prov- 
ince, flows through the Zhangye Basin, which is part of 
the ancient Silk Road, and ends up in the Inner Mongolia 
Autonomous Region. The catchment of the middle 
reaches, or the Zhangye Basin, covers an area of 1.08 × 
104 km2 extending from 38˚30′ to 39˚50′N and 99˚10′ to 
100˚52′E. Along the main stream, the middle reaches 
starts from the Yingluo Gorge and ends at the Zhengyi 
Gorge (Figure 1). 

Zhangye Basin is characterized by a dry continental 
climate, with mean annual precipitation of about 200 mm, 
and annual evaporation of 2000 mm or more. The re- 
newable water resource per capita in Zhangye is 1250 
m3/yr, just 5% of the world average. Since 2001, about 
50% ~ 60% of the annual total river discharge have been 
diverted from the middle to the lower reaches of the river 
following the regulation imposed by the Ministry of Wa- 
ter Resources of China (MWR). Consequently, ground- 
water abstraction and sewage water reuse for agricultural 
purpose have been increasing gradually to compensate 
for the reduced river water supply. 

Grain crops, particularly seed corn, are densely culti- 
vated in the Zhangye Basin, sustained by the continuous 
application of chemical nitrogen fertilizers. In 2005, the 
total amount of nitrogen fertilizers applied on the corn 
fields was more than 300 kg·ha−1·year−1 and, more re- 
cently, was more than 450 kg·ha−1·year−1 [21].  

The study by Yang and Liu [22] showed that 32.4% of 
the groundwater well samples in Zhangye had nitrate- 
nitrogen concentrations greater than the allowed value set 
by the WHO. Fang and Ding [23] reported the nitrate 

 

 

Figure 1. Watershed of the Heihe River. 
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concentration of groundwater as high as 84.1 mg/L in the 
urbanized area of the Zhangye Basin and about 67% of 
irrigation land area was associated with medium (13 - 30 
mg/L) nitrate concentration. Zhang et al. [24] reported 
nitrate concentrations in groundwater ranging from 45 to 
150 mg/L in irrigated area. Field survey by Qin et al. [25] 
also showed that groundwater with high nitrate concen- 
tration (>45 mg/L) appeared in the centre of the irrigated 
area. However, these studies did not make distinction 
between wells for drinking and wells for irrigation or 
other purposes. Therefore, nitrate contamination of drin- 
king water in the region could not be inferred from their 
findings. 

It should be noted here that although the WHO limit 
for nitrate-nitrogen in drinking water is 10 mg/L or equi- 
valent to 45 mg/L for nitrate, Chinese standard for ni- 
trate-nitrogen in drinking water issued in 1986 is 20 mg/L 
or equivalent to 90 mg/L for nitrate. 

For drinking water investigation, samples were directly 
taken from household by home visit. The drinking water 
resource in the Zhangye Basin is groundwater. The sup- 
ply system is the construction of community drinking 
well and water tower to distribute potable water through 
pressurized pipe network to each household within a 
community. The number of household surveyed was 5 in 
2009, 20 in 2010, 16 in 2011 and 8 in 2012. Except 2012, 
home visits were randomly conducted in various villages 
across the basin. In 2012, drinking water testing was 
conducted in villages where the nitrate concentrations in 
crops were measured.  

In the Zhangye Basin, there are three sources of irriga- 
tion water: river water; groundwater and the mixture of 
river water and sewage water. The use of sewage water 
for irrigation is because of water scarcity. In this study, 
three types of farmland using different source of water 
for irrigation were selected (Figure 2). Gaozai and Gen- 
ming villages are located in the northeast and north part 
of the Zhangye City, where the irrigation water is of the 
mixed type. Guojiabao and Erzha villages are relatively 
close to the urbanized area of the city, where the source 
of irrigation water is groundwater. Yangjiazha village is 
in the southern part of the city and uses river water for 
irrigation. Crop samples were taken from these fields and 
on-site measurements of nitrate concentration were con- 
ducted. The method is to extract out plant juice of a vol- 
ume between 0.3 ml and 2 ml from crop sample, and 
measure its nitrate concentration with the Horiba compact 
nitrate ion meter (LAQUAtwin-B741), which is based on 
the colorimetric method of Gilbert [26]. The sensor was 
calibrated by the two-calibration mode with 300 mg/kg 
and 5000 mg/kg standard solutions on a daily base. For 
seed-corn plant, the measurements were conducted every 
10 cm along the stalk from the brace roots to the top flag 
leaf. Moreover, the nitrate concentration of corn niblets  

 

Figure 2. Zhangye Basin and sampling sites for the 2012 sur- 
vey. 
 
was also measured. For comparison, both mature and 
immature corn plants were measured. For vegetables, leaf 
and root were measured separately. In addition, the ni- 
trate concentrations of irrigation water entering into the 
fields were measured with the Horiba compact nitrate ion 
meter (LAQUAtwin-B743) for water. The investigation 
on the build-up of nitrate in crops was conducted from 
August 8 to 18, 2012. All measurements were done under 
fine weather during daytime. 

3. Results and Discussion  

In 2009, two households out of five were found to drink 
water having nitrate concentrations above the WHO stan- 
dard. The highest nitrate concentration found in the 2009 
survey was 75 mg/l. When asking if they are concerned 
about nitrate contamination, one of the householders an- 
swered that there is no worry because they boil water 
before drinking. This highlighted the need of basic sci- 
ence education for farmers in this region because boiling 
can’t remove nitrate.  

In 2010, drinking water testing found that eight house- 
holds out of twenty having nitrate contents exceeding the 
WHO standard with the highest value of nitrate being 160 
mg/l. In 2011, nine out of sixteen were above the WHO 
standard. The percentage of different levels of nitrate ob- 
served during the three years was shown in Figure 3. It 
can be seen that the potable water in 40% of the house- 
holds surveyed contained nitrate contents more than the 
WHO allowed. 
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In 2012, although the survey mainly focused on nitrate 
contamination of crops in four villages, nitrate in drink- 
ing water was also tested at the same time. 

In the Gaozai village, we randomly selected two corn 
plants; one mature and another immature. The maturity is 
judged by the size and color of corn ears. The mature 
corn ear was 20 cm long and golden color while the im- 
mature was 10 cm long and pale green color. Figure 4(a) 
shows the nitrate concentration distributions along the 
two corn stalks. In the mature plant, the nitrate concen- 
tration was as high as 3700 mg/kg at the brace roots but 
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Figure 3. Percentage of different nitrate levels found in 
drinking water from 2009 to 2011. 
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Figure 4. Nitrate distributions in corn stalks. (a) Sewage- 
river mixed water irrigation case; (b) River water irrigation 
case. 

decayed quickly along the stalk. In the immature plant, 
the nitrate concentration at the bottom was not signifi- 
cantly higher than the top. The maximum concentration 
occurred somehow in the middle of the plant where a 
single ear grew. The nitrate concentrations in niblets of 
both the mature and immature corns were 110 mg/kg and 
210 mg/kg, respectively. This comparison suggests that 
the corn plant adjust its nitrate build-up through its 
growing stage in a way that the edible part contains the 
least nitrate. In other words, the final distribution of ni- 
trate in corn plant is in favor of human beings. For water 
entering into the farmland where corn samples were ta- 
ken, the concentrations of nitrate and ammonium ( 4NH ) 
were found to be 20 mg/kg and 6 mg/L, respectively. The 
ammonium concentration was measured with the DR/890 
Portable Colorimeter manufactured by the HACH Com- 
pany. The data implies that high ammonium coming from 
waste water was converted to nitrate and then utilized by 
plants.  

In the Genming village, which is about 10 km down- 
stream of the Gaozai village, the concentration of nitrate 
in the irrigation channel was found to be as high as 110 
mg/kg but 0.2 mg/L for ammonium. And the nitrate con- 
centrations in corn plants taken from that village showed 
a very similar pattern as that observed in the Gaozai vil- 
lage. In this mixed water-irrigated area, mass production 
of vegetables is non-existent. According to interview 
with local farmers, vegetables could not be grown with 
the mixed water.  

In the Yangjiazha village where the water from the 
Heihe River is used for irrigation, the nitrate concentra- 
tion in the sampled corn plant is shown in Figure 4(b). 
The corn plant in this river-water-irrigated area shared 
similar characteristics with that in the mixed-water irri- 
gated area in terms of the vertical decreasing pattern. 
However, the nitrate concentration in the river-water-fed 
plant decreased vertically much fast than the mixed-wa- 
ter-fed plant. Therefore, the total build-up of nitrate is 
much less if river water is used for irrigation. The nitrate 
concentration of the irrigation water in the village was 
measured to be 15 mg/L. The indifference in the concen- 
tration of root part with regard to the source of irrigation 
water can be considered as indicative of excessive use of 
nitrogen fertilizer in the river-water-fed field.  

In total, 10 mature seed corns were sampled in the 
Zhangye Basin during the August 2012. The concentra- 
tions of root part varied from 3300 mg/kg to 3700 mg/kg 
with the mean and standard deviation being 3588 mg/kg 
and 118 mg/kg, respectively. Meanwhile, the concentra- 
tions of top part varied from 450 mg/kg to 770 mg/kg 
with the mean and standard deviation being 624 mg/kg 
and 132 mg/kg, respectively. Moreover, the concentra- 
tions of corn niblets varied from 96 mg/kg to 210 mg/kg 
with the mean and standard deviation being 146 mg/kg 
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and 41 mg/kg, respectively. 
In the Guojiabo and Erzha villages where the ground- 

water is used to irrigate vegetable farmlands, cauliflower, 
broccoli, lettuce, beet, tomato, Chinese cabbage, green 
pepper, red pepper, lantern chilli, cucumber were sam- 
pled for nitrate concentration. The measurement results 
are compiled in Figure 5. 

The nitrate concentration in broccoli leaf was as high 
as 5300 mg/kg. However, the nitrate concentrations in 
broccoli thick stalk and flower head were 2600 mg/kg 
and 860 mg/kg, respectively. Cauliflower and Chinese 
cabbage contained high amount of nitrate in leaf but 
much less in edible part. Among all measured, lettuce 
was the only one having very high concentrations in both 
leaf and root. Beet leaf and root had quite the same but 
moderate amount of nitrate. It should be noted that both 
the leaf and root of lettuce are consumed as food by hu- 
mans. For broccoli, fleshy flower head and the top part of 
thick stalk are edible. Beet is now usually used for mak- 
ing sugar.  

The study by Santamaria [17] showed a decreasing or- 
der of the nitrate content in vegetable organs from leaf, 
stem to root. The present study, however, found that the 
nitrate in lettuce and beet could have quite uniform dis- 
tribution. Furthermore, the present study revealed that the 
nitrate content in seed-corn plant can be listed in the de- 
creasing order from brace roots, stalk to niblets.  

The European Commission has established maximum 
levels (MLs) for nitrate in lettuces [27]. For summer har- 
vest, the limit is 2500 mg/kg for those grown in the open 
air and 3500 for those grown under cover. For winter 
harvest, it is 4000 mg/kg for those grown in the open air 
and 4500 mg/kg for those grown under cover. Judging 
from European standards, the lettuce produced in Zhan- 
gye ought to be viewed as a health risk.  

Guojiabo and Erzha villages are about 1.5 km apart 
and their drinking water is taken from wells about 30 m 
deep. Measurements found that the nitrate concentration 
in their drinking water was 78 mg/kg in the Guojiabo 
village and as high as 160 mg/kg in the Erzha village. By 
contrast, the nitrate concentration of the drinking water in 

 

 

Figure 5. Nitrate contents in various agricultural products. 

the Yangjiazha village was 34 mg/kg. This suggests that 
a cycle of groundwater contamination could have formed 
in vegetable-growing villages as illustrated in Figure 6. 

4. Conclusions 

Although previous studies have reported nitrate con- 
tamination of groundwater in the Zhangye Basin, it was 
not clear if the contaminated groundwater was actually 
used by local residents for drinking and cooking. By 
home visiting and testing nitrate concentration of water 
used for drinking and cooking, this study provided evi- 
dence of severe nitrate contamination of drinking water 
in the Zhangye Basin. Meanwhile, this work improved 
understanding of nitrate contamination of food by re- 
vealing that the edible parts of various crops such as corn 
niblets, broccoli flower head are much less contaminated 
compared with non-edible parts such corn stalk and Chi- 
nese cabbage leaf. The nitrate in lettuce and beet was 
found to have quite uniform distribution, but nitrate con- 
tent in seed-corn plant can be listed in the decreasing 
order from brace roots, stalk to niblets. Among all meas- 
ured, lettuce is the only one having very high concentra- 
tion in edible parts. Therefore, it may be stated that many 
crops adjust their nitrate content distributions in favor of 
humans.  

The build-up of nitrate in corn plant is affected by the 
type of irrigation water. The use of sewage water for ir- 
rigation due to water scarcity may cause more nitrate 
build-up in corn stalk. Meanwhile, production of vegeta- 
bles in the Zhangye Basin mainly uses groundwater. The 
excessive use of fertilizer has resulted in not just higher 
contents of nitrate in vegetables but also groundwater 
contamination, which is the source of drinking water in 
that region. 

 

 

Figure 6. Cycle of nitrate build-up in vegetables and ground- 
water contamination. 
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