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ESTIMATION OF NITRATE AND NITRITE CONTENTS IN THE
LOCALLY GROWN VEGETABLES

Z.I, Bukhari, M.A, Bhatti, M, Yaqab and M.J, Qureshi*

Local leafy, stem and root tubsrous vegetahles grown with
different forms of nitrogen application were analysed for nitrate
by Londmann’s meihod and nitrite by diazotizaton. The contents
ol nitrate in spinach were found higher in comparison to carrots,
radish, turnip, cabbage and potators.  Carrols grawn  using
nitrogenous fertitizers contained nitrale contents 39.4 per coent
more than those grown anly with well water,

The nitrite contents of thesc vegetables ranged between
(0-0.2 parts/106) and the contents of nitrétes in spinach were signi-
ficantly higher. It was also observed that nitrile contents of the
analysed vegetables were dependent upon the nuture of lirigation
s¥stem and a significant difference was noted berween the conditions
in respect of accumulation of nitrites.

INTROGDUCTION

The fast increasing nitrogen input due to excessive nse of nitrogenous
lertilizers may become a health hazard through nitrate pollution of water and
fand resources in the coming decades,

The present investigations were therefore conducted to analyse some of
the local lealy stem and root tuberous vegetables grown with different forms
of nitrogen applications for nitrate and nilrite contents which arc persumed
to be health hazarg.

Bock and Schuphan (1939) estimated the nitratc and nitrite contents of
L7 varietivs of white, red and savoy viubbages given normai fertilizer trewtment.
The nitrate contents ranged from 27 to 87 average S0 mg ) lresh matter,
increasing Ca(NQ3)2 from 45-180 KgNjha raised nitrate values in fresh matter
from [00 to 170 mg.

Simon (1966 determined that iresh spinach and lettuce, 12 samples of
cach contgined from 70 to 2100 and from 260 to 2100 mg nitrate/Kg; nitrite
oceurred only in one withered sample of spinach.  Endwes, khirabi, proen beans,
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cress and stinging nettles contained over 1000 mp nitrate/Kg.  Values were
lawer in leeks, cavliflower wnd brusyels, Sproul, sugar peas, fisld beans. comfrey
and porrel contained nong.  In 32 samples of imporied canned spinach for infants
nearly all with potato added there wus irom 40-1900 mg nitrate/ Kg, but no niteite
or bacioria, Storage at 20°C of tightly packed Fresh spinach ot of deep frozen
spinach before and after cooking, led to formution of nitrite after 3 or more days.

Richardson {1970} [ound high nitrite concentration (30-T5 parts/108} in
celery, lettuce, beet root and rudish.  He found that increased use of nitrogeonous
furtilizers resulted in higher nitrate concentrations in plants.

Cantliffe (1973} proved that in & wide range of plant species. application
of nitrogenous fertilizers lad to accumulation of nitcate and supplementalion
with potassium alse favourcd such accumulution. The rate of reduction of
nitratz by endogencus nitrule reductase depends on penetic factors, substrare
induction and the supply of electrons from NWADPH. '

MATERIALS AND METHODS

1. Samples Callection

} Kg of carrot (Dacus carota), radish (Raphanus sative). turnip (Srassica
napus), polatd (Solanum tuberosum), cabbage (Brassica olerarene) and spinuch
{Spingeh aleraceae) vegetables samplss ware collected from varicus vegetable
ficlds, grown under four different agronomic condidens of Tehsil Chiniot.
Distt: Jhang, Punjub during Now-Dec., 1976, The detail of the agricuitural
conditions were as follows:

I. Tube well water
IT. Severage water
11, Tube well water in combination with farm yard manuore
{25 cart loads hac.)
I¥. Tube well water in combination with nitrogenous fertilmzers
(100 Kaefhae) wnd farm yard manure (25 curt loads/hac.)

The [reshly harvested sumples of vegetables were brought to the Chemislry
laboratory, University of Agriculture, Lyallpur. Before sublecting themt to
analysis they wore thoroughly washed with disilled wuter.

2. Analysis of vegetables

(i} Nifrate Defermination. A 10 grams of vegetable samnple was macerated
with 40 m] wuter [or 3 minutes in 3 mechanical blender, It was trunsferred to
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230 ml beaker with 20 ml wuter, The slurry was then heated an water bath
for one hour,  It'was cooled, washed int. 100 ml volumetric flask with distilled
waler and the valume was made upto the mark. The macerate was then filtered.
0. ml saturated urea solution was added in | mi of £l terate wnd the nitrate
conttents were estimated by the method of Londmann ef af, {19665}

The standard curve was mude by dissolving | gm NaNOgy (Merck) in
500 m! distilled water and the volume was made up o ! litre. It was apain
diluted to 1:10 to have a final concentration us 100 ug MuNOy/ml. Aliquots
of 0-10 ml of diluted stack solution were diluted fucther up ta 10 ml with water,
In 1 ml of euch solution 1 mf of brucine solution ( 10:37 saln of Brucine in 923/
ethanol) and 9 ml orthophosphoric acid and sulphuric acid mixture was added
with shakinp' Al these tubes containing the above solutions were kepf in
boiling water for two minutes and were placed in the refrigerutor at ance. The
maximum obsorbance was read at 420 nm using spectronic-2kspectrophotometer
and the standard curve was construcicd by plotting -optical density against
viarious concentralions of NaNG .

(it} Nitrite determination. 5 grams of vegetable sarple was macerated
with 40 ml distilled water. The macerate was heated Lo 80°C and was ETaAns-
ferred to 500 ml volumetric flask adding further 260 m] hot water,  The solution
was placed in a boiling water -bath with occasional shaking for two hours.
3 ml saturated mercuric chioride solution was added.  The mixture was cooled,
nuxed, diluted to mark and liltered, WNitrile contents in variogs vegetables
sarmnpler were estimated following the method of Griess & Hiosvay (1889,

RESULTS AND DISCUSSION

The nitrate and niirite analysis of three root tubers, one stem tuber and
two leafy vegelables obtained from various vegelable ficlds of Tehsil Chiniot,
Thsti: JTueng was conducted during Mov-Dec.,, 1976, These vegetables fields
were cither irrigated with tube well water or city drains (severage) water,
Samples collected Mrom ficlds where they were erown using farm yard manure
alente or the combination of farm vard manure and nitrogenous fertilizer have
lso been analysed and results have been presented in Table | & 2,

The nitrate contents listed in Table 1 determined by the method of
Londmann's ef af. (1968) zppeared to be very less as comparcd to the data
repurted by Richardson {1970),

Londmann’s method was based on the oxidation of Brucine, This
method has been successfully employed Tor the determination of niirates in
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Table |. Mitrate contents of variuns vegetables grown under differemt canditions.

Ifrigat[on SOLTEE Currot  Radish Turnip Cabbage Potate Spinach
PE ppm ppm 4 L ppim pram
Well water (Cyy 2.2 2.2 1.8 2.6 2.1 L
Severape water (Cx) 3.6 3.7 i 3.0 3.8 4.1
Farm yard manure (Ca) 3.7 4.0 4.0 4.1 4.2 4.4

Farm yurd manure
4-Witrogenous (Cqg 5.4 3.3 3.8 6.0 6.4 B.3

o Tt

Table 2. Nitrite contents of various vegetables grown under different conditions.

Irrigation source Carret  Radish Turnip Cubbage Potato Spinach
ppm Ppm ppm ppm ppm ppm

Well water (Cy) 066 .08 .07 52 G A2

Severapge waler (Ca) 096 Al6 124 ik 136 . 156

Farm vard menure (Cy) 112 (136 132 136 (44 160

Fart yard manure

+Nitrogenous {Cy 172 1350 140 160 . [B6 L1492

— 3 o

ment and teat products in various analytival laboratortes (Schuller and Veen,
1067), it was, therefore attempted to find the Ceasibility of this method in
vegetables. The mcasurement of such a low contents of nitrates in vegetable
by this method proved the specificity of the method to only meat products.
The fow values of hitrates in vegetable by this method could be due to the
interference from nitrites, chiorides and earbohydrates (Boek and Schuphan,
19593,

It is evident that nitrate contents in spinach (0.83 %) when grown under
conditions nitrogenous fertilizers combined with farm yard manure are much
higher than the nitrate contents in rest of vegetables (.53-.%3%7) (Table 1k
This is true (o case of other three conditions alsp. Statistical analysis has
shown that raddish, carrot, potatoss under Cy: Potato, raddish, carrot, turnip
under Cy; Potato, turnip, radish under C;; cabbage and potato under both Cy:
and C3 and raddish, carrot both under Cy and €y do not differ significanily
{rom each other in the nitrate contents while the rest do differ significantly (Table
1) Spinach has shown highly significant difference which possibly means that
spinach has the more nitrate accumulating capacity as has already been reported
{Richardson, 1907) and (Wilson, 1949).
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Fable 3. Sratistical enalysis of nitrate contents in vegetables.

ANOVA TABLE

S—\-'“_ - Degree of freedom _S.S. M5, Feul
c 3 13421 4474 2354, 73
v 5 0.1849 0370 194,734+
cY 5 0.0876  0.0058 30, $24%
Eoai 48 0.0081  ©.000190

TTowd 71 1.6237 - -

** sipnificant ut 5% and 1% lovels )
SE for CV = 00795

Carrot Radish Turnip  Cabbage  Pouto Spinach

c 0.23 0.23 0.30 0,28 0.22  0.37
c, 0.38 0.39 0.38 0.41 0.40  0.45
C, 0.33 041 042  0.44 043 049
Ce 0.57  0.56  0.61 0.63 0.67  0.87
© Cs Cs c,

Spinach =0.37 Spinach =0.45 Spinach =0, 49 Spinach  w=(}.87
Turnip =0.30 Cuabbige =0.41 Cabbage =0.44 Porato -} 67
Cabbage =0.28 Potato =0 40 Polato =0.43 Cubbape =0, 62
Radish ={.23 Radish w (.33 Turmip =42 Turnip ={. ]
Carrot =0.23 Carrot =0, 38 Radish w0.4]  Carrot mi}, 57
Potato  =0.22 Turnip =038 Carrot =[.39 Radish =0_50

The four conditions differ significantly among themselves in respect al
all the vegetables and hax significant cifect on nitrate accumulation {Table 3).
These findings need confirmation using same rapid, accurate and handy methods
tur the determination of nitraies in vegelubles. The resulls do indicate somc
viluable clues and suggest that more work has to be carried out kepping the
awareness of increasmg level of nitrates, in the cnvironment (Comiy, 1955;
Crassby, er af. 1972, FAQ/8IDA, 1972).

The duta on nitrite contents of fresh vegetables determined by the mclhod
of Griess-illosvay (1889} has becn described in Tahble 2 This method was
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based on the internetion ol nitrite with 2 primary aromustic gmime (Solphaniic
acid) in acid solution to form o diazaniom salt.  The diazontum sult was then
trested with an aromatic compoutd (1-neplhyl aming) bearing influcatial amino
or hydroxyl substitucnt to form an azo colour which was finally measurcd
spectrophotometrically,  The nitrite values determined in the presenl investi-
gation were found quire low (0-.2 parts(108) and were in agreement with the
reported valugs (-6 pirts! 1063 by Heisler ef af. (1973} and Kamm et af. {1965).
On the contrary Richardson {1970) reporied a quite high nitrite concentralion
(3075 parts/10€) in celery, lettuce, beet toat wnd rudish without mentioning
clearly the conditions under which these vegetables were stored prior to analysis.
Since post harvest storage of vegetubles can lead to the accumulation. of high
nitrite concentrations, the reported values by Richardsan, cannot be easily

interpretted.

The permissible values of nitrites runge from 5-6 ppm (W.H.O., 1972)
and the present survey has revealed that nitrite contents found in fresh vegetables
has not crassed the prescribed limits. Tt is also suggested that Lresh vegetables
should be used as soon as practicable or processed by sterilization in hermaticaliy
sealed container or by deep [reezing because vepelables stored at room tempera-
tures or under relvigeration {not frozen} wecumulates nitrite (Glaus Simnon, 1966).

Statistical analvsis have shown that nitrite contents of the vegetables
under all the conditions differ significently [rom each other cxeept carrot and
tyrnip under Cy condition.  Spinach has shown highly significant difference in
cunipa.risun 1o other vegetables indicating thet it has also accumulating capacity
for mitrite as reported by (Book and Schuphan 1959 and Cantliffe, 1973).

1t may alse be seen from Table 4 that nitrite contents of vegelables were
dependent wpon the nature of irrigation water and there was a significant
difference betweon the conditions in respect to the accumulation af nitrite.

It may therefore be concluded that the nitrite contents of vegetables
grown under four different irrigation systems dor not excesd the permissible
level although it has ten-fold preater toxicity that nilrale and also presents a
greater hewhth hazard (Phillips, 1968, Magee and Barnas, 1367). It 1% yugpested
that more guantitative work on all prefiarvest und post-harvest chvironmental
conditions is needed in order 1o exactly know the extent and magnitude of thes
fouvd pollutants.
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Tuble 4, Statistical analysis of nitrite contents in rewetablos,

ANOYA

S5y Dregree of frecdom 55 M5, FR Cal
e @ o= 3 1.6632 0.554400 4017 39%%
¥ 5 0.2023 O 040460 203, |RRgws
v L5 0. 1332 (085 ED G, 32w
Frror 48 0. 0066 0. D0 38

 Totr 7t 2.0053

**Bignificant at 59 and 1 level
SE for OV = 00,0067

- - e ——— et o [—

Carrot Radish Turnip  Cubbage  Potato Spinach

i 0.30 0.35 0.31 0.4 0.28 .25
C 0.44 0.51 0.57 0. 59 0.61 2.07
c, 0.52 0.57 0,59 0,62 0.64 215
e 0.7§ 0.68 0.62 0.7 0.75 2.5%
g , Cy o,

Spinach =0.41 Spinuch =i, 69 Spinach =), 71 Spinach =) 8g
Radish =0.3% Potain =0 a1 Potata =064 Cprrot =) 78
Turnip =0, 3] Cubbuge =0 50 Cuabbage =0.62 Potaw =(}, 75
Currot  =0.30 Turnip =0(.57 Turnip =0.3% Cabbage w0.71
Potilo =024 Radish =£.31 Rudish =0.57 Radih =, a8
Cabbupe sl 24 Currot =044 Carrot =(}.52 Turnip =), 52

—— s —— ———
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The study was lititosd to the respomse of 300 randomly sclecied Farmers
from 30 randomly selected villages of District Faisalabad. The validity of the
study was further limited Lo ihe extent to which the respondents were uble Lo
provide wecurate informafion,

METHODOLOGY

The random sampie of 300 respondents was drawn from 30 ruodomly
selected  villages -9 villages cach from Faisalabad and Jaranwala Tehsils, &
villages each from Samundari and Toba Tek Singh Tehsils. The 300 respon-
dents were interviewed wilh the help of interview schedule.  The data collected
were statistically analysed and tabulated. The degree answers of the [armers
were given numerical scores e, I, # and zero for great extent, some extent
and not al all, respectively,

RESULTS AND DISCUSSION

The present study showed that majority of the furmers were uware of
vaticus pests and diseases of creps and they were adopting plant protection
Moasures in varying degrees.  About 50 per cent of the respondents got help
from the extension workers in the form of service Facilities such as plait pro-
teclion. improved implements, seeds of various crops and fortilizers.  These
findings are not in agreement with those obtuined by Gull (196!) and Waraich
(1962). Howsver, Ruzag (1963) was of the view that majuority of his respondants

had the knowledge of control meusures in cotton snd sugarcine crops in Lyallpur
Tahsil.

The study indicated that the factors which impeded the adoption of
plant protection measures were  lack of lechnical skill, non-availability of
insceticides, inadequate help of Apmiculture Depurtment wnd  insufficiont
finance to purchase approved seeds and fertilizers, These findings are similar
o those obtained by Dt (1960).

The study identifted a positive significance between size of land holding,
type ol tenureship, ectucution and distinctive position of farmers, an the one hand,
2nd the adoption of plant protection measures on the other.  However, age wask
not found o have eny relationship with adoption.  Those findings arc In agree-
ment with those obiained by Igbal (1963) wnd Khan (1965).
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