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Nitrate and nitrite concentrations in vegetables and soils in Yuzhong
County of Gansu Province and their safety evaluation

WANG Yan-bin'"?, YANG Yi-ming'-?, ZENG Liang'?, SU Qiong'-?, ZHAO Li-bin’
(1. Northwest University of Nationalities , School of Chemical Engineering, Lanzhou, Gansu 730030, China; 2. Key Laboratory for
Utility of Environment-friendly Composite Materials and Biomass in Universities of Gansu Province , Lanzhou, Gansu 730030, China;
3. Sichuan Nitrocell Company , Iid., Chengdu, Sichuan 610063, China)

Abstract: A systematic survey of nitrate and nitrite concentrations in five kinds of vegetables (involving 100 sam-
ples) and their corresponding soils at 20 sampling sites in vegetable plots of Yuzhong County, Gansu Province, was con-
ducted for assessing their pollution, bioavaibility, and safety to local residents. The results showed that the average con-
centrations of nitrate and nitrite in surface soils in the studied plots were 30.58 mg-kg~' and 52.35 mg-kg ™!, respec-
tively, and that in deep soils were 9.14 mg-kg ™' and 0.11 mg-kg~', respectively, indicating that the deposition of ni-
trate and nitrite was mainly in surface soils. The average concentrations of nitrate and nitrite in vegetables were 1649.18
mg kg™ and 0.64 mg-kg™' fresh weight (FW), respectively. The average bio-concentration factors (BCFs) of nitrate
and nitrite in vegetables were 53.94 and 0.01, respectively. The average concentrations of nitrate and nitrite in five veg-
etables were significantly different, with nitrate being higher than nitrite in vegetables. The order of nitrate in vegetables
was Chinese cabbage = cauliflower > leek ~ celery = cabbage, and that of nitrite in vegetables was leek > cauliflow-
er = cabbage =~ celery >> Chinese cabbage. Chinese cabbage had stronger enrichment ability of nitrate. Of all the
samples, 2% was slightly, 7% moderately, 33% severely, and 56% seriously polluted by nitrate.

Keywords: vegetable; soil; nitrate and nitrite; safety evaluation; Yuzhong County of Gansu Province
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B S TR R R AE B3 1 25 A B ] Ak ok A
ER TSI TR 5k 7 M R, 2 5 B0 ) S A R 1) T
A RS IR ER AT 5 W vh s A N 8 e 2 T A
A= W AR I , TS R AL R Gl . BRI, A
TREEA IR SR 81.2% K AEEsE,

S B A LA WO A X e stk
AN 5= s T vl e 3.0 e 3 ]
P BB R £h Y £  HEAT 98 A S BRALL10- 100 9 i Y e
o, IR EAE P I B SR R R s A, H M
B SR AR R i = T Mg S, {H B S A R
Eh O A, A L [ A T A AR, B 4
I, B I e b XA 7 0 5 SR AT AR 2 0 AR 7 A —
ERRE R 2N . B BIFFE S O i W] i Tk
AL, e PR R T K E RS IR AR, BiE
JRBE AN IR SR AR ) B R . i FXEH R A
BB 1 4 55 SR S PR R | A R 1 R Ol
TAEED A SCUA I g S b+ I - BESR R RN
DR G, )2 R T fih B BE S FE - 20 M FF A5
SR A NS SN IR L AN = B S
AR TSR AR SEATRE R R RS IR h 1 R A
FFTEMEEAT AT 2 PR PR, DA A Hb gk
SERED FH 22 4 KRR 2540 () T B AR R 3
1 MRS
1.1 #HREHHR

Ay i B A T H R A S, AL 2SN AR KR,
NI 42.4x 108 ALK 1500 ~ 2 600 m, 4[5 FR
350 mm, 78K 1 450 mm, B R 6.7°C,
FEHI 115~ 140 do farh B DA = S IR E R 44, 5
WA E 2, HIRRRE, 8R4 X =10°CH)
FUE 1900°C ~ 2 500°C, A HKZ50 228 ~ 243 ., #i3¢
Fivhe DX 3 B 1 R & R ER K AE L IS S
B s HR 8 & AT E M 2 E LA F
B TRz — . 2013 A B R R R SR A A

[HFRIA 2 x 10* hm?, 7752 7.0 % 10° t,
1.2 HmRESLE

2013 4F 5—6 F fEAir b B i M gk £ 1 R
FHE K F15%2 ( Chinese Cabbage ) H W ( Brassica oleracea
L.) 321 ( Brassica oleracea 1. var. botrytis L.) JEX
(Apium graveolens ) FIHAESK ( Allium tuberosum rottl ) )¢
A RAE AL R 20 S, BASRAESCRIT S BUR
FERAE TR SRAEIREE D 0 ~ 50 em, ¥ 7] T
NFRJZ(0~20 em) FIHRJZ (20 ~ 50 em) , KJZ HHZ
5 KAAICT kg 3, 20 BITR A0S FE Y 095 03 B 1
kg T HERE T RORAR P SR A R A 40 13 (KR
HRZES 20 03), imk B E . IEEGEEN
T, R A PSP o 20 HJE e i
e Mo PRI 233 BGR 20 R ity FH 24 s T B BF S
i 100 H @ e , B A BT H o TERE MR AL AN
S PRI FEBAT 5 4w LR

TR AR SR i 1 [R] ISR B HE B AE KIS,
oSt SYS NI B N S e (A | E [ a2
A R R G 5B B J I Y ] B ), i S i
FERARIG 5 [ A SRS R ARG SRR i 100
PRLIBIE B . GEAE S LL BRI P e T,
P28 T KUE 3 Uk, AR5 FIIR AR T 3R mK 2k, U
1 J5 P R 2 O BB TR IR, 4 T o
1.3 #miliksa

T IERH IR ER A 1R ER I SR S AR S R
IR (S BE RS UVTS9, Hh I
FTNT]) o B A i A R R 5 A 1R R I 5 3 ) R
FHERIAZE 2 e 4y Y Ik S A s e i
Sy FEIERE WA E N 543 nm, il VE WA R ER 5
£k, el -+ 38 5 i 5 b 1A PR E 2, PR
FE AR ER S HIRh S, iH IR Eh 5 WA R #h B &
5 AEIRER 1 i 2 22 B R R AR 3 i, B 58 P A IR
h5 WA RRER T R B A

3 Mt B R IR [l AT o il () i
P A ARG R IR . A B2 S o A
FIE AL, i T 7K 2 Ak
1.4 HEAE

JHI Microsoft Excel 2010 Fil SPSS1 7.0 44} 5 56
Bl AT AR
1.5 BRXHEBRHSTHBRIHEERREH

B KR ER 15 W AE IR R 1Y & £ 22 %X (bioaccumu-
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XTHERER SRS RRER R ICRE JT . & AR REEEU],
FABRE SRS IR A W BRI AE k22 bt L3
FSBRER VMR 75 e i A8 0 i o AH R A 5
N

BCF = Cyz/ Cymg (1)
K, e N C g 53 ) R 5 3 FURE B 2 )2 (0 ~ 20
em) TIPSR ER AN ERER o
1.6 BAREITFMAE

1973 AR A R AR H LA L T A 4H 2L (FAO/
WHO) il 22 7 £ i Hh il IR 3 A I A R £ 1) H Fe i 4%
A ( acceptable daily intake, ADI), B N T R
i WAHERER Y ADL{E 53502 3.6 F10.13 mg-kg™';
2002 4F FAO/WHO & S i A& & X & 42
(JECFA) S 59 YR 2 BN A4 Hh il R 6 01 IF i iR
9% H SRR AR (ADILE) 735 0~ 5 mg'kg_l
MO0~0.07 mg-kg™ '

FRE AR i 2 A i TO s b SR U R
MR KB R REE T2 AT 3 000 mg -
kg™ 10T R A £ A 2 A E R AR E R S R TS e
PR 20 R T R ) PR A (H A B
R RRER A IR . I PE B ER A5 L WHO (FAO #1
SE 1 ADLE R FEE Y B T B R R & R
PR AR, AT C AR 2 E AN AN . bR
NERFEEEH 0.5 kg 528, FIIKE 60 kg i, 2
HE WHO F1 FAO HLE ) ADT {8, #E530 H F [ % S i
FRER FR VT 432 mg-kg™'o AN LTI R I RN
BRI (551 R 459 F1 70% ) INAGTHE., LR
A[Y KK 785 F1 1440 mg-kg ™' HI KRR ERSE AT £ R
AR ER B TAERRUERE N 432 mg-ke ™!, BEE
SRR /N T 432 me-kg™ SE N 1 R, IR IR TS
ge e CAAVEERAT L BRER A ER R B R T 432
mg-kg™ VNT 785 mg kg BN 2 B BTG, N
HAE, G0 AT T B R 3R PSR Y
KTF 785 mg kg™ V/NTF 1440 mg- kg~ VE N 3 G, B
FEmY, AR T B R A R AR S R T
1 440 mg kg™ /T 3 100 mg- kg™ ' E N 4 2%, @
YRR BRI,

ABRFER AU BRSO i R At ep B
BRo SR MR S P R AL S I B & e iR
Wro B5 3 W AH R 46 & A % & PF A L GB2762 -
2012( £ i i Yy R )20 5 3 o I Y 1 PR A
PR AR , A v o R0 % S i 2 £ (LAY IR 4N
)& E N <20.0 mg kg™

2 RS

2.1 it HiEmER AL PAEER i & 24T

S+ RS IR AL 5 WS R A A S T WL AR
1, AT 3 il iRk 5 A R R & e i 34 R
FIEMMZS (WA > 0, W2 WAS R & Bk Ah) , K1E
BOEE <0), BTG IESS M (Ps - k>0.05),
B Z AR L 5 WA RR ER -2 & 4 B 30.58
mg-kg™ 'l 52.35 mg-keg™ !, HIEIRIZ MR EL 5 W AH
FRERE- Y & 5 5 h 9. 14 mg- kg™ A1 0. 11 mg-
kg™ AT L, H AR Z AN R 5 WAN R R & e D
BT IRZE IR 5 WAL & (P <0.05), %M
SPREL SR AR E B R A A LR 2, H 4R
JE AR ER & R TSR L 7 &, 1 - 3R 2 W
FREL & /N FARIR R o i, IO TRk TR
X K /N T 78 K HLOR 2 i/ D A 1, fE—
A KA AR AT RS I, X —HB X
A5 IR AR 55 VA R 46 7E 1 58 rh bk ok A TR B A B, i 422
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AR 7.21 5 7.31) . HEEPAEIRER S WAKIREL & =
(AR 7 ZBONEOIN, & TH528 57 R RERAE AL
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2.2 BRRMEES THERS SIS
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B AFEIERNER S0 B RS IR EE 5 WA R R
AR RBIIBON, BT RIRFEIRFE
S [ BR SR IR £ 55 W AF R 5k 2 2 1) A8 Ak P A X
255 , RIS PEAE X AT o B3 TP S R Fh 5 WA
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x1 TEWBRBSTHEBRERE (mg kg™ ') & pH BT (1 =20)
Table 1 Nitrate and nitrite concentrations and pH in soils

Bt B TR Nitrate W AEREL Nitrite pH {H pH value

Statistical F#EO0~20em) HEQ20~50 cm)  FJE(0~20cm) HE(Q20~50 em)  EE(0~20 em)  HIE(20 ~ 50 em)

parameters Surface layer Deep layer Surface layer Deep layer Surface layer Deep layer
H/ME Minimum value 15.86 6.58 18.86 0.09 6.70 6.90
B ARAH Maximum value 43.24 12.66 76.85 0.13 7.50 7.70
SEHIME Mean 30.58a 9.14h 52.35¢ 0.11d 7.21 7.31
bR 2 Standard deviation 9.10 1.61 20.08 0.01 0.25 0.31
\iiifﬁ Z‘fﬁciem 29.77 17.56 38.36 10.85 3.37 4.05
TR Skewness 0.03 0.24 -0.42 0.10 -0.9 0.00
WEHE Kurtosis -1.31 -0.31 -1.18 -1.36 -0.26 -1.67
Ps—k 0.62 0.40 0.65 0.66 1.10 0.79

T # P REFTEIE AR 7R R 2 LSD /322 R B (P <0.05), R,

Note: Data in the same line followed by different letters are significantly different( P < 0.05) according to the LSD test. The same as below.

R2 BFEHEBHRSTHEEBRSESITER=100)
Table 2 Nitrate and nitrite concentrations in vegetables

Gt 28 /ME RRIE FE{E v 22 A BB % T i i

Statistical Minimum value ~ Maximum value Mean Standard Variation > * > Ps—k

_1 _1 - .. - Skewness Kurtosis
parameters /(mg-kg™") /(mg-kg™") /(mg kg™ ') deviation coefficient
fERER Nitrate 338.93 3224.09 1649.18 699.13 39.26 0.33 -0.57 0.91
WP AHIRER Nitrite 0.01 1.44 0.64 0.38 27.97 -0.18 -0.61 1.35

THER 5 W AS R ERAE 5 Fhigi > H i RGO L
7% 3,7 LV B H IR 5 WAH IR SR fE A R B SR Hh iy
PZHERERDEFE(P<0.05), HEFE KPR &
WK TWAERE & . ARG R E
A E R A R RS R Ay,
— AN [ S 2R W SCHS T2 6 R BE T AN TRD, I A
JISR I AT BB R R & i fc sy, R AN [ SR A il R
G JIANTA] A R A4 D B 7 55 0 ] fExd Bl At
LR EREE 2R AR D R IR
il RS D 1 346 3 32 8 i R I 1) 355 0, S A AR
FR SRS TR 40 i T 30 i il it J I i PR R )
2T SR 3 R ) VA R 34 D i 3 i s e
WY A — A ST Z 0 HIREL . AERERTE
SAhERSE T B RS = KT 1000 mg-kg ™!, i I
SR ER B S bR AE SR AME/NT 1.00 mg-keg ™o TRFHER
LU IR T 2% S 2 WAL U3 P ARS8 RS R £k 1 °F-
It il 1.53 mg-kg ™', ARWFFASE] T AR 25
TR ER7E A R 55 3 v 19 RBUBUY Jg K A3 ~ 346 >
B3 ~ A3 ~ i, WA BR R A6 A ) 5 3 v g AR
R A AESE > 3646 ~ H il ~ s KA

A h B R IR EE 5 IR R & R 5 e
X 25 R L3R (3R 3) , R BIAS [m) i =2 v A R 3
5AEIRER &, IR G S h Al IR £k 5 WA R AR
RN AL X A TR A R 22 57, if A iF 5 3R 1

B
5

S REIR SR 5 WS PR R A AN S B SR 25
Filt SR ANAEIRY AT 56, T ELIE 5 48 AR % BE A
FEAHE IR B 4 A BT R S
2.3 BEBHBESTHRIEEERY

BERBNG R PR SRS R)Z LS
Yl i 2Z L, ZRAE TS Yo ) A 38 1] 5 22 I 12 RS
fefr. 2 (DTSR IREE S W AYRR R 7E S
PR SR P 0w 4R R BN 4 R, R TP NIRER S
WAHPRER V- & R R M R 53.94 5 0.01, iR
I EERBOE KT VAR EE . [FIFAT 0L, iR 4L 5
ASFRERAEA MBS P s R FARR(P <
0.05) , S FRERTEA W] 85 3 vh 1) BB oM K 158 =~
A6 > dE3E ~ 3R ~ H K, W AHER £R 76 A W]k 3%
1 RRUT A HESE > 16~ Bl ~ fr >Rk,
X B A P BB S SRR SN R AR A T SR )
SERE ST, RS XT WA ER AR B 5 1 & 4R AE o
2.4 BHEXWBHSTHBRISSS5TIEMKES

TSR SEEXXER

35 NG RMIREL S WA ERER & 5 N R
b5 R ERER P i 22 18] A AH O& R A, BT LA A
HEEhgisw h il e Eh 5 WA R R 5 i 5 P A R
ih 5 W RIRER TR Z MR A B R, XS
FARL 2B B ST 45 BN, A AT 0 BF 5T 2
DR IREE O i S TR R R & R ) R R A
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K, HAKREO r=0.4201(n =23), MM 26 K(r=0.7050)
SR ER & it 5 TSR EE & i 2 18] S A% 2 3 TEAH
x3 TEHMXBREHEBHRSTHBESERE (ngkg™')
Table 3 Comparison of nitrate and nitrite concentration in vegetables from different areas
. KEE i ik F 13 %
isﬁ_{““ Chinese cabbage Cabbage Cauliflower Celery Leek SCik
tes
NO; ™~ NO, ™~ NO; ™~ NO,~ NO; ™~ NO, ™~ NO; ™~ NO, - NO; ™ NO, " Reference
Hir 1951.49 + 0.03 1415.99 = 0.68 £ 1933.92 + 0.70 £ 1460.76 + 0.66 1483.75 + 1.12+ KNI
Yuzhong 812.91a 0.0la 383.35b 0.13b 748 .56a 0.18b 565.13be 0.20b 744 .55bc 0.21c This study
dbnt 2022.50 + 0.22+ 1365.18 + 0.35+ 339.72 + 0.26 £ 2792.54 + 0.25+ 1209.34 + 0.00 £ 3]
Beijing  1070.93 0.22 570.58 0.51 129.83 0.36 758.19 0.25 436.75 0.01
A 1189.50 + 0.53 8_?6' 3.0 0.45+ 182.70 + 0.44 + 3131.60 + 0.48 £ 1392.40 + 3.60 £ 6]
Nanjing  1206.80 0.95 7_09 20 1.08 129.10 0.68 3132.00 0.73 957.30 7.43
GiN 1308.00 = 0.02 1621.00 = 0.45+ 1524.00 = 0.26 £ 1021.00 = 0.36 £ 1231.00 = 0.62 8]
Chongging 1130.24 0.01 832.22 0.16 1373.89 0.07 615.25 0.12 531.67 0.17
Wik 435.00+ 0.00 1001.00 = 1.30+ 888.00 = 0.00 £ 3246.00 + 2.50 £ 3897.00 + 2.40 £ 7]
Fuling  163.20 0.00 190.90 0.20 57.60 0.00 249.50 1.20 531.90 0.60
2
T%KH 1268.00 0.18 1178.00 0.54 523.00 0.07 1394.00 0.19 607.00 0.09 [13]
Mianyang
:“:E\ 1300.00 0.05 845.00 0.03 497.00 0.06 908.00 0.21 279.00 1.53 (1]
Beijing
x4 TEGFHEBESTHBEEERY
Table 4  Bioconcentration factor of nitrate and nitrite in different vegetables
BRI NEES H i KAE Fr3 [
Vegetable type Chinese cabbage Cabbage Culiflower Celery Leek
HARER Nitrate 63.820a 46.310b 63.240a 47.770b 48.520b
W AEFRER Nitrite 0.001a 0.013b 0.013b 0.013b 0.021c
x5 BREHEBRESTHEBRHSSSTEMBRESTHEBRHESSZ BRHEXREE(n=20)
Table 5 Correlation coefficients between nitrate and nitrite concentrations in soils and vegetables( n = 20)
BRRFNE UNEES H i AL T [
Vegetable type Chinese cabbage Cabbage Culiflower Celery Leek
TR %L Nitrate -0.127 0.218 -0.089 0.119 0.248
W AEFRER Nitrite -0.203 -0.157 -0.308 0.259 -0.069
2.5 BXPHBHSTHEBESATSIEMN 2) b B S g 3 P g R 5 AR R ERTE A
M 6 MR, Gk PAIRER T 9 5, g1 [l s i SRS i 2 5 B, R AR A [R] B 3¢
LA T"Fﬁﬁﬁ—nuﬂlj A 2% WG PR RBIIUT AR AR < R4 > R < i<
PSRRI TS e A 1% WG SR i BRI AR T AR ERTE AN A B 2 v iy R BUI g Al > 5
JET5 ﬁas%ﬂ%ﬁﬁﬁi@%ﬁ@aiﬁﬁﬁ L T >N E P
56% W SAE 32 B R IR ER ™ {5 5% b 2R A IR 3) B SR b B S AN R R B AR R RO R TR
AR, AR I E R B TG R BR (R TmRER . AHIRER 5 WA IR ERTEA AL SR rh i) w4 2R

3 45 18

1) iy B3 9 50 2 A IR AR -5 A R ER
U P TURE AR R 5 AN R Eh A B, AR AR
AR B R R LR

iﬁ(%#ﬁ%‘ R ESEX AR ER AT S Y AR RE ), T
SRS WA BRER A S iR 1 B AR

4) b B3 gt S T YRR ER VS Y, g | R
AT, HBESE AN R Eh & UK, YR
FE 5 AP PR
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Table 6  Nitrate contamination of vegetables and food safety assessment

IR —2 — =% [UtES3 U3
Level First level Second level Third level Fourth level Above fourth level
g T A B
e Nitrate content <432 432~ 785 785 ~ 1440 1440 ~ 3100 >3100
/(mg kg™ ")
FESL L Samples numbers 2 7 33 56 2
p:
H4T L Percentage/ % 2 7 33 56 2
V5 YLFEE Pollution level 7R Mild HEF Medium HE Heavy J“H Severe
EEAH, fINTE IEE =N
e A \ DR LA H,AERH A R
P 5] N
g?ﬁ%ﬁ:¥1ﬁ —i/[[/j ij Not suitable to Not suitable to YRRV EEIEGLiE:
i] b Y d eat directly, eat directly or by Not suitable May cause poisoning
assessmen crecty may eat by pickled, may eat to eat any way
pickled or cooked. by cooked.
5 % X #: (131 000, Bt . 4B v 5 S e O R 7 AR L I
(1) AR S, A AR R B0 | 1 BB RPN B R R 1997, 14
1):12-17.
SRR AR AL A R & B PP ()] P 20241, 1982, 9(4) 1 41- W R, S T A e e T s s
18 [14] @éﬂﬂi 5 RUBCR T I I B A A I I 6 1 ek

[10]

W BOF, LU . B P SR ER Al R Eh & B B DR AR
[J]. TAWFSE,1989,18(3) :45-47 .

BT 20ROk T 88 AU T B SR M R L MR R R T
JeRBEIEAN (1] . P A T A 75,2004, 16(5) : 400-403 .
TRRER Y B ISR AR AR X R B SR A Rk A A
B T YR O0 BORE PEAG [ 1] . il B2, 2010,26(2) : 123-
127.
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S R[] K H AR REEH],2005,19(1) - 84-88.
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IS YURBL BT[] L RAT BE 2R, 2011, (12) :19-22.

A H ORIE M TR X B B SR R AL A MR R A
Ko A2 Ve L], Rl R %, 2010, 38 (34) : 19477-
19479.

WO, R B ERTERCE R AR & 8 A S
MIFFR [T A F2E4], 1996, 16(4) : 383-388.
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FRER TS Qe BUIR 3BT [T] . 2R R ,2010,38(13) : 6871-6873.
KK 22, TR TEMITT SRR S R AL R PR R A
HEAMATLT] . B BH U 2 B 2 i (SR BEF AR , 2008,25(2) :
1707-1715.

LR RIS AR 5 T Al R k& SR i 1k
PEMLT] . LA A , 2006, (6) :28-29.

FHRRHE, B Bk, XA . AT 1 5 B SR A ER S T A Rk
RSB AN [T] . RO K224k, 1994, 15(3) :
166-169.

s )], B3R, 2000, (3) :11-12.

[15] L&BF,%& BLFE A SF B SR A MR A A R R T
BN [I] . e lia i, 2010, 16(13) : 123-125.

(16] 2= M, 80300, 2 81,55 . Bh LT 2R3 + ORI Sem i +h
YRGBT (1] . LR IR ,36(18) : 7845-7846, 7858 .

(17]  rpde A R E PR EE O 436 . HT 634 - 2012. +38 S5 A
Rdh AHRRER I E E AL HA PRI - e e R (s] .t
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