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A Comparative Study on Nitrate Contents in Vegetables 
between Northern Part of China and the Watershed of 

Lake Tega in Japan 

• Nitrate is one of the most common chemical compounds in nature, and it is widely

found in soil, water, and food. Three of human’s main nitrate intake sources are

vegetables, water, and cured meat [1] [2] [3]. Among them, vegetables are

considered to be the most important dietary nitrate source [4]. High levels of nitrate

contents in vegetables have been a significant health issue all over the world.

• It is generally considered that the increasing dietary nitrate intake by human is also

positively correlated with an increased risk of cancer, methemoglobinaemia,

hyperparathyroid, children polyuria, hypertension, carcinogenic nitrosamines, and

so on [4] [5]. Infants under 3 months are particularly susceptible to infantile

methemoglobinaemia due to their normal intestinal flora contributing to the

generation of methemoglobin. Reduced oxygenation of the tissues can generate

significant adverse implications for infants, and result in coma and death under the

most severe circumstances.

• This research investigates the nitrate concentration in crops in two different Asian

locations: the Northern Part of China and the Watershed of Lake Tega, Japan. The

objective is twofold: 1) to gain more insights on nitrate contamination in vegetables

in Asia; 2) to examine nitrate distribution in crops by measuring nitrate contents in

various parts of crops.

• The order of nitrate accumulation was spinach > cabbage > lettuce > broccoli > radish > cauliflower > beetroot >

eggplant and fruit.

• For vegetables sampled in the Northern part of China, a nitrate level up to 8,100 mg/kg was found in Chinese

cabbage. For vegetables sampled in Japan, a nitrate level up to 9, 000 mg/kg and 7,300 mg/kg were found in

spinach and Chinese cabbage.

• Findings from the detailed testing of nitrate distributions in various parts of crops suggests that some portions of

vegetables, such as the inner part of Cabbage and turnip, can be considered as much suitable and healthier for

young children.

• The nitrate content of vegetables before and after cooking is very different. After cooking, the nitrate content of

vegetables is very much reduced.
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Methods

• Our testing methodology first extracts a small amount of plant juice (in a range of 0.3

ml to 2 ml) from crop samples by squeezing them into a container; and then

measures its nitrate ion concentration using a Horiba compact nitrate ion meter

(LAQUAtwin-B741). This meter is based on the Ion Selective Electrode method. It is

one of the most frequently used potentiometric sensors for determining various ions

concentrations dissolved in aqueous solutions in both laboratory analysis and

industrial and environmental monitoring.

Results and discussions

• With regard to the experimental results of nitrate contents in the four types of

vegetables, higher levels of nitrate concentration was found in leafy vegetables such

as Chinese cabbage and lettuce, whereas lower levels occur in tubers or fruits such

as beetroot and tomato. It indicates a decreasing sequence of nitrate concentration

from leafy, brassica, root and tuber, to fruiting vegetables as depicted in Figure 1. A

nitrate concentration of 9,000 mg/kg, 8,100 mg/kg and 6,300 mg/kg were found in

spinach, Chinese cabbage and lettuce, respectively. Moderate nitrate contents were

found in root and tuber vegetables such as broccoli, turnip and beetroot with values

of 3,400 mg/kg, 3,000 mg/kg and 1,400 mg/kg, respectively. Nevertheless, lowest

nitrate concentration was found in one of the fruiting vegetables - cucumber with a

value of 73 mg/kg.

• We also measured the nitrate distributions between the inner and outer parts of the leaves for Chinese cabbage,

lettuce, and cabbage. High nitrate content was found in the outer parts of those three vegetables with a value of

7,300 mg/kg, 6,300 mg/kg and 1300 mg/kg, respectively, whereas low nitrate levels was found among the inner

parts with a value of 2,100 mg/kg, 2,200 mg/kg and 650 mg/kg, respectively. Thus, nitrate concentration in leafy

vegetables illustrated a remarkably decreasing trend from outer (older) leaves to inner (young) leaves as

depicted in Figure 3.

• Detailed nitrate contents of a brassica vegetable (broccoli) were tested within its stem, root and flower head,

respectively from both North China and Japan as shows in Table 1. Nitrate concentration from the root of broccoli

indicates a significant decreasing order from the bottom to the top, and the stem contains the highest nitrate

concentration. However, nitrate contents in the flower heads, the edible part of broccolis, are found to be much

lower than their roots and their stems. In addition, nitrate concentration in different parts of flower heads also

shows an organized distribution that the nitrate concentration in the central part of the flower heads is much

higher than the ambient part of the flower heads.

Figure 3. Distribution of Nitrate contents in three different vegetables. Table 1. Nitrate contents (mg/kg) in various parts of Broccoli

Organs Nitrate (Japan) Nitrate (China)

Root 1(bottom) 8400 3000

Root 2(middle) 3400 2200

Root 3(middle) 1800

Root 4(top) 1000

Stem (closed to root 1) 9800 5300

Flower head 1(branch) 1700 860

Flower head 2(branch) 2200

Flower head 3(central) 3400

Samples Inner stem Outer stem Inner tuber Outer tuber 

1 8600 Null 1000 2700

2 3100 230 310 910

3 4300 200 480 1700

Figure 4. Nitrate contents (mg/kg) in tomatoes. Table 2. Nitrate contents (mg/kg) in turnip

• Nitrate levels in the fruit of tomato were measured with a value of 160 mg/kg, whereas it was as high as 2,300

mg/kg in the stem. In addition to that, nitrate concentration in the stem illustrated a slight decrease from the

bottom to the top with values of 2,300 mg/kg and 1,900 mg/kg, respectively as shows in Figure 4.

• Nitrate contents in various parts of stems and tubers of turnip were measured, respectively. Nitrate concentration

in the inner stem of turnip was found as high as 8600 mg/kg. Our results also illustrate the nitrate contents

increase significantly from inner part to outer part inside of a tuber. On the contrary, the nitrate concentration

decreases remarkably from inner stem to outer stem as shows in Table 2.

• In this study, nitrate content in lettuce and turnip before and after

boiling was compared and analyzed (as shown in Fig 6.). The

nitrate concentrations of No.1 lettuce, No.2 lettuce and No.3

lettuce samples before treatment were 5000 mg/kg, 3000 mg/kg

and 3400 mg/kg, respectively. Then, after boiling 1 minute, the

corresponding nitrate concentrations of the three lettuce samples

after cooking were 2900 mg/kg, 2300 mg/kg and 1800 mg/kg. The

results showed that the nitrate content of three lettuce samples

decreased by 42%, 23.33%, and 47.06%, respectively.

• From Figure 2, high nitrate concentration was found in Chinese cabbage from both

the northern part of China and the Lake Tega in Japan with a value of 8,100 mg/kg

and 7,300 mg/kg, respectively. Meanwhile, relatively low levels of nitrate were

measured in tomato juice with a value of 170 mg/kg from both China and Japan.

Furthermore, spinach and broccoli were found to have a higher nitrate level in Japan

than that in China, particularly, highest nitrate concentration was found in spinach in

Japan with a value of 9000 mg/kg.

Figure 1. Nitrate contents in measured vegetables. Figure 2. A comparison of nitrate contents between the northern 
part of China and the watershed of Lake Tega in Japan.

Figure 5. Nitrate content before and after boiling in lettuces and turnips.
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! Approximately 2 billion people are involved and depend on small-scale agriculture and fisheries1, producing one
third of the food consumed by humans globally

! Small-scale food production is greatly based on traditional, indigenous, and local knowledge developed from
empirical observation2

! Food insecurity is expected to increase with climate change due to upcoming impacts from extreme events such
as floods, desertification, droughts3,4

! Agriculture, Forestry and Other Land Use (AFOLU) activities represents 23% of total GHGs. There is a need for
sustainable solutions to increase resilience and maintain food security and sovereignty4

! Low- and middle-income countries located in tropical and subtropical areas are especially vulnerable5

! Islands are at the frontlines of climate change and need to be prioritized6

This project is possible thanks to the support primarily of the Island Sustainability Unit 
(Sophia University) and partners in the fields. This research is conducted in 
collaboration with Micronesia Conservation Trust (MCT) and Conservation Society 
Pohnpei (CSP) in the Federate States of Micronesia, the Ministry of Commerce and 
Natural Resources (MCRN) in the Republic of Marshall Islands and Blue Care 
Foundation/Atuca NGO in Colombia. We sincerely thank all of our partner communities 
for their time and contributions to this research. 

Fisherfolks in Providence (Colombia)
Photo by: Nick Howard

Cropland, Laura Community (Republic of the Marshall 
Islands)

Photo by: Lajkit Rufus  

Women arranging mangrove seedlings (San Andrés, 
Colombia)

Photo by: Ruben Azcarate

The study aims to identify drivers that determinates resilience to climate change in food 
production systems such fisheries and agriculture in different islands from a comparative 

approach.

In islands, vulnerability increases due to a 
set of characteristic such as:
! Small land area and limited natural 

resources such as soil, fresh water and 
energy7

! Remoteness from economic centers
! High exposure to environmental impacts 

such as cyclones, hurricanes, drought 
and flooding, among others8, 9

! Heavy reliance on imported food 
impacting local community’s health 
(i.e., obesity and NCDs)10, 11

CASE STUDIES

METHODOLOGY PRELIMINARY FINDINGS
! Transition to cash cropping (including monoculture and the use of chemical inputs) 

has represented a strong shift away from traditional low-input and diversified 
agroecological/agroforestry systems, having economical and ecological 
implications for small-scale farmers in island communities

! Soil erosion and overfishing are the main challenges for food production identified 
by small-scale farmers and fisherfolks (nearshore) in islands communities

! Adjusting sites (planting/harvesting grounds, changing land/sea use) and times 
(seasons/schedules, modifying months and hours to fish) for farming/fishing 
(nearshore) is the main strategy to adapt to the impacts of climate change such 
as extreme weather events identified by the respondents  

! Recovering ecosystems and the revitalization of traditional/local knowledge (home 
gardening, agroforestry, traditional plant associations, mulching and natural 
fertilization) were perceived by the respondents as the main factors to decrease 
vulnerabilities and increase resilience to the impacts of climate change, which 
are starting to be implemented mainly from government initiatives

! Blue foods (fisheries) are an opportunity to develop more resilient livelihoods if 
undertaken sustainably, being a pillar for food and nutrition security, economic 
development and cultural preservation in island communities due to their rich 
maritime history and resources 

! Need for expansion of ecologically sensitive production such as 
implementation nature-based solutions (nutrient and pest management in farming 
/ fishing techniques) and integrating ridge to reef approach acknowledging the 
links between resource management, conservation and sustainable use in 
different ecosystems from socio-ecological system framework (i.e. reforestation in 
land management for farming helps to reduce soil runoff which impacts marine 
ecosystems)

Figure 1. Case studies location. Pacific Islands: Ponhpei in Federate 
States of Micronesia (FSM) and, Republic of Marshall Islands (RMI). 
Caribbean Islands: San Andrés and Providence, Colombia. 

Figure 2. Diagram of the methodology implemented for this 
research. 
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Mix approach (qualitative and quantitative) 
including surveys and in-depth interviews.
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