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This study examined the intake of vegetable nitrite in cities experiencing migration from the three Gorges project in northeast Chongging, |
China. Daily intake was estimated using the Northeast Chongqing population-based vegetable consumption survey 2005-2007 and the
nitrite content of various vegetables. The results showed significant variation in average levels of nitrite content among various vegetables.
Nitrite levels ranged between 0.12 mg NO, kg' fresh weight in tomato and 6.14 mg NO, kg™ fresh weight in rorippa. According to the
vegetable consumption survey, on an average, residents consume 440 g of tested vegetables per day. Solanaceous vegetables accounted
for 18.23 % of the total vegetables consumed, whereas gourd vegetables, allium vegetables and tuber vegetables accounted for 16.36,

to be 0.0066 mg kg body weight day™', which represented 90 % of total vegetable consumption in the study area. Estimated exposure to

INTRODUCTION

A vegetable-rich diet can make us healthy, high vegetable
intake is associated with reduced risk of cardiovascular disease
mortality and reduced risk of heart disease', stroke and
probably some cancers®*. It also improves vascular function’,
lowers risk of prostate disease®; reduces risk of chronic disease’,
lowers risk of eye and digestive problems® and has a mellowing
effect on blood sugar that can help keep appetite in check’.

Humans are exposed to preformed N-nitroso compounds
(NOCs) and endogenous N-nitroso compounds'. Most carci-
nogenic N-nitroso compounds (NOCs) are formed by dietary
intake of nitrite (NO,") and nitrate (NOj’, partly converted to
nitrite in the body)'"'"?. Nitrite and nitrate are primarily derived
from food, but are also used as food additives and preservatives
that inhibit bacterial growth and enhance flavor and color'*'¢.

Environmental quality and food safety in the three gorges
reservoir areas (TGRA) in northeast Chongqing, China has
received considerable attention since June 12, 2003, when the
water level reached 135.4 m and large number of migrants
flocked to cities above the water line near the three gorges

14.68 and 10.35 %, respectively. Other vegetables accounted for less than 10 %. Dietary exposure to nitrite from vegetables was estimated |
nitrite was well below the acceptable daily intake of nitrite, at 0.07 mg kg' body weight day™. I
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reservoir'’. However, serious pollution and food safety
problems have arisen with the registered permanent resident
population of 2.628 million in TGRA'®",

In the present study, the nitrite (NO,") content in vegetables
available in markets were analyzed and the dietary intake
of nitrite from vegetables was assessed using the method
established by the joint FAO/WHO expert committee on food
additives™.

EXPERIMENTAL

Sampling and preparation: In total, 840 vegetable
samples, including 10 types of vegetables (solanaceous vege-
tables, gourd vegetables, allium vegetables, tuber vegetables,
root vegetables, Chinese cabbage-type vegetables, green leafy
vegetables, leguminaceous vegetables, aquatic vegetables and
edible fungi) were collected from markets in 11 cities (Wanzhou,
Kaixian, Liangping, Yunyang, Fengjie, Wushan, Wuxi,
Zhongxian, Dianjiang, Fengdu and Chengkou) in northeast
Chongqing during summer (August to September 2012). Each
vegetable sample, consisting of 5-10 subsamples, was
randomly collected from different markets at each site. All
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samples were cleaned using tap water and the deionized water,
then air-dried, minced and homogenized in a tissue homo-
genizer.

Extraction and analysis: Nitrite concentrations were
determined using a standard methodology (ISO 6635:1984
(E)). In brief, a test portion of the vegetable (2-20 g) was
extracted with 5 mL saturated borax solution and 100 mL hot
water (70-80 °C) and proteins were precipitated by addition
of 10 mL potassium hexacyanoferrate (II), 10 mL zinc acetate
and 2 g activated carbon powder; the precipitate was filtered.
Sulfanilamide chloride and N-(1-naphthyl) ethylenediamine
were added to the nitrite-containing solutions to allow measure-
ment of the red complex obtained by measuring absorbance
at 538 nm. All reagents used in this study were of analytical
grade. Deionized water (18 MQ cm) was used for preparing
all solutions and for sample extraction.

Estimation of dietary exposure: Dictary exposure to
nitrite from various vegetables was estimated using information
from the vegetable consumption survey. Average body weight
in this population was 60 kg.

RESULTS AND DISCUSSION

Nitrite in vegetables: To our best of knowledge, this is
the first report that compares nitrite levels of vegetables in
northeast Chongqing, which is the region that has experienced
the largest volume of immigration as a result of the Three
Gorges Project. The region covers 33,900 km?, with a registered
permanent resident population of 2.628 million and contains

11 cities: Wanzhou, Kaixian, Liangping, Yunyang, Fengjie,
Waushan, Wuxi, Zhongxian, Dianjiang, Fengdu and Chengkou.
Individual results obtained for nitrite levels are shown in
Table-1. Vegetables showed considerable significant variation
in average levels of nitrite, ranging from 0.12 mg kg™ fresh
weight in tomato to 6.14 mg kg™ fresh weight in rorippa. Solana-
ceous vegetables in decreasing order of nitrite content as
follows: sweet pepper > eggplant > hot pepper > tomato. Sweet
pepper, with 1 £ 0.24 mg kg™ fresh weight, had significantly
higher nitrite content than other solanaceous vegetables. Gourd
vegetables in decreasing order of nitrite content are as follows:
Bitter gourd > cucumber > towel gourd. Bitter gourd, with
2.07 £0.16 mg kg™ fresh weight, had significantly higher nitrite
content than other gourd vegetables. Allium vegetables in
decreasing order of nitrite content are as follows: Old ginger
> chinese chive > chinese onion > fresh ginger > garlic scape
> garlic. Old ginger with 4.93 + 0.11 mg kg™' fresh weight had
significantly higher nitrite content than other allium vegetables.
Tests of tuber vegetables showed no significant difference
between potato and sweet potato in nitrite content. Tests of
root vegetables showed that the nitrite content of carrot (1.34
+ 0.45 mg kg fresh weight) was significantly higher than
that of white radish (0.17 £ 0.03 mg kg™ fresh weight).
Vegetables in the Chinese cabbage group in decreasing
order of nitrite content are as follows: Cabbage > Chinese
cabbage > rape. Cabbage with 1.47 +0.32 mg kg™ fresh weight
had significantly higher nitrite content than other cabbage-
type vegetables. In green leafy vegetables, rorippa had the
highest nitrite content at 6.14 mg kg™ fresh weight and celery

TABLE-1
NITRITE CONTENT (mg kg™' FRESH WEIGHT) OF VEGETABLES

Category Vegetable Mean = SD Min Max
Sweet pepper 1.00 £ 0.24 cd 0.52 1.31
Eggplant 0.66 +0.05d 0.58 0.75
Solanaceous vegetables H%%I;epper 0.16 +0.04 d 0.09 0.24
Tomato 0.12+0.04d 0.04 0.19
Bitter gourd 2.07+0.16c 1.84 2.39
Gourd vegetables Cucumber 0.57 £0.15d 0.35 0.85
Towel gourd 0.60 £0.03d 0.54 0.63
Old ginger 493+0.11b 4.81 5.14
Chinese chive 0.70+0.17d 0.39 0.97
Al s Chinese onion 0.54+£0.39d 0.09 1.32
Fresh ginger 0.53+£0.06 d 0.42 0.64
Garlic Scape 0.48 £0.08 d 0.31 0.6
Garlic 0.47 £0.18d 0.28 0.82
Tl vmEimies Potato 1.36 £0.14 cd 1.09 1.53
Sweet potato 1.09 +0.46 cd 0.50 1.99
e vz Carrot 1.34+£0.45cd 0.52 2.08
White radish 0.17 £0.03 d 0.13 0.22
Cabbage 1.47 £0.32 cd 0.82 1.84
Chinese cabbage group Chinese cabbage 0.88 £0.23 cd 0.44 1.17

Rape 0.86 £ 0.57 cd 0.16 2
Rorippa 6.14£0.73 a 4.76 7.27
S sy e Leaf lettuce 0.57+£0.26 d 0.1 1.01
Celery 0.22+0.03d 0.17 0.29
Iceberg lettuce 0.32+0.12d 0.1 0.52
T e e Cowpea 047 +0.13d 0.23 0.68
Kidney bean 0.19+0.07d 0.04 0.29
Aquatic vegetables Bamboo shoot 1.48 +0.25 cd 1.21 1.98
Edible fungi Pleurotus 1.35+£0.10 cd 1.23 1.56

"Numbers with different letters in the same column differ significantly (P < 0.05), according to the Student—Newman—Keuls’s test
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had the lowest at 0.22 mg kg fresh weight. Nitrate levels in
rorippa were higher (P < 0.05) than those in other vegetables,
such as leaf lettuce, celery and iceberg lettuce, in the green
leafy vegetable group. No significant differences were found
between cowpea and kidney bean, in the leguminaceous group.
Vegetable consumption patterns: According to the vege-
table consumption Survey, the 2.628 million people living in
northeast Chongqing consume 426.7 thousand tons of vege-
tables per year, which is 440 g of tested vegetables per day.
Solanaceous vegetables accounted for 18.23 % of the total
vegetables consumed, whereas gourd, allium and tuber vege-
tables accounted for 16.36, 14.68 and 10.35 %, respectively.
In other categories of vegetables, each contributed less than
10 % to the total vegetable consumption. Consumption data
for different categories of vegetables is shown in Table-2.

TABLE-2
VEGETABLE CONSUMPTION PATTERNS
FOR PEOPLE LIVING IN THE STUDY AREA

Mean consumption Percentage

Vegetable (g day™) (%)
Solanaceous vegetables 80.21 18.23
Gourd vegetables 71.98 16.36
Allium vegetables 64.59 14.68
Tuber vegetables 45.54 10.35
Root vegetables 33.92 7.71
Chinese cabbage group 23.89 5.43
Green leafy vegetables 39.82 9.05
Leguminaceous vegetable 26.31 5.98
Aquatic vegetables 6.56 1.49
Edible fungi 0.57 0.13
Others 46.60 10.59

TABLE-3
NITRITE CONTENT (mg kg™') OF VEGETABLES (UNCOOKED)
AVAILABLE IN MARKETS IN NORTHEAST CHONGQING

Dietary exposure

Dietary exposure to nitrites from vegetables: The nitrite
content of each vegetable category is shown in Table-3.
Vegetable groups in decreasing order of mean nitrate content
are as follows: Green leafy vegetables (1.81 £ 0.77) > aquatic
vegetables (1.48 +0.25) > edible fungi (1.35 + 0.10) > allium
vegetables (1.28 + 0.40) > tuber vegetables (1.22 + 0.22) >
gourd vegetables (1.08 + 0.26)> Chinese cabbage group (1.07
+ 0.22) > root vegetables (0.75 = 0.33) > solanaceous
vegetables (0.48 £ 0.12) > leguminaceous vegetables (0.33 +
0.09). No significant differences were found among the groups.

Dietary exposure to nitrites from vegetables according to
the mean consumption of vegetables for people living in the
northeast areas of Chongqing. The dietary exposure to nitrite
from vegetables was estimated to be 0.0066 mg kg body
weight day™', which represents 90 % of the whole vegetables
consumption in northeast Chongqing. The estimated exposure
to nitrite was well below the acceptable daily intake (ADI),
which is 0.07 mg kg' body weight day" according to the
Joint FAO/WHO expert committee on food additives. This
assessment was in concordance with reports from previous
studies®"*2,

Conclusion

This study provides the first estimation of exposure to
nitrite from vegetables for the permanent resident population
of cities experiencing migration from the three gorges project
in northeast Chongqing, China. The results showed consi-
derable significant variation in average levels of nitrite in various

Category N Mean + SD Mini. Max. (mg kg™ body
weight day™)
SollnrEoi 120 0.48+0.12 0.04 131 0.0006
vegetables
Gourd vegetables 90 1.08+0.26 035 239 0.0013
Allium vegetables 180 1.28 +0.40 0.09 5.14 0.0014
Tuber vegetables 60 1.22+0.22 0.50 1.99 0.0009
Root vegetables 60 0.75+0.33 0.13 2.08 0.0004
Chinese cabbage g, | 07,020 016 2.00 0.0004
vegetables
Liizzr leaity 120 1.81+0.77 0.10 7.27 0.0012
vegetables
Leguminaceous ¢4 33,000 004 0.68 0.0001
vegetables
Aquatic vegetables 30 1.48+0.25 121 198 0.0002
Edible fungi 30 1.35+0.10 123 1.56 0.0000
Total 840 1.10+0.15 0.04 7.27 0.0066

vegetables, ranging from 0.12 mg kg™ fresh weight in tomato
to 6.14 mg kg™ fresh weight in rorippa.

Dietary exposure to nitrite from vegetables, estimated
using the Northeast Chongqing population-based vegetable
consumption Survey, 2005-2007, was well below the ADI.
Consumption of vegetables is known to be very beneficial to
our health. Lowering storage time has been suggested to reduce
conversion of nitrate to nitrite in vegetables, as indicated by
the significant difference between old ginger, with 4.93 +0.11
mg kg fresh weight and fresh ginger, with 0.53 * 0.06 mg
kg fresh weight. The results of our study indicate that in
northeast Chongqing, it is advisable to eat a wide variety of
vegetables, rather than to focus on green leafy vegetables.
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