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Effects of soil nitrate nitrogen on the nitrate accumulation in groundwater and
vegetables in a typical high cancer incidence area of Shaying River basin
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Abstract: Samples of soil, ground water and vegetable were collected during the crops’ growth period, harvest period and post-harvest period in a high
cancer incidence area. The influence of soil nitrate-N on nitrate-N accumulation in ground water and vegetable, and the corresponding health risks were
explored in this paper. The results showed that nitrogen fertilizer application and irrigation were the main causes leading to the excessive nitrate
accumulation in the banks soil, ground water and vegetables along the river. Due to heavy pollution of the river, ammonia nitrogen and nitrate nitrogen in
irrigation water alternated repeatedly through irrigation, evaporation as well as eluviation, migrated continuously into soil and ground water, and caused the
nitrate accumulation in soil, ground water and vegetables. The average soil nitrate-N was 149.01 mg-kg™" in crop growth period and 31.07 mg-kg™" in
post-harvest period, which indicated nitrate accumulation in soil, ground water and vegetables of these cancer villages adjacent to Shaying River were
significantly higher than the average level of the study area. Nitrate accumulation in vegetable field of cancer villages was the most severe among all kinds
of the crop fields, with soil nitrate-N of 276.44 mg-kg™! in crop growth period and 68.26 mg-kg™! in post-harvest period. The average nitrate-N in ground
water reached 38.32 mg+L™!, around 3 times higher than the standard, and the average nitrate-N in leaf vegetables was 3269.04 mg-kg™!, 2 times higher
than the permissible content. Higher nitrate-N concentration in ground water and vegetable indicated that the local residents of cancer village were suffering
high nitrate-N health risks from drinking water and vegetables.

Keywords: Shaying River; high cancer incidence area; nitrate nitrogen; health risk
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1 5|5 (Introduction)

Al A = v A A Tt FH RO 2 1 R 1) A B i A
RGP IIRREE E - Horh EUIE A R it H 2 5k
A A A B0 3R ] ( Bélanger et al.
2003 ;Fan et al., 2003 ; X1 7 %t 55 , 2004 ; Soon et al.
2008) AF 53¢ ¢ B, 43 4 A6 Kk AR b i I8 R R
(NUE) V) H A 33% , e 2 B A% (TR 22452004 ) .
SRYREAR L, T 2808 5 A, S B0 SR
FE A i R R R i %€t ( Stites and Kraft, 2001 ;
TREAMEAE,2002) . —J7 T, -8 R SR A A U R
T IE 2 RO IS 14 A b 3 K LM R 7K, 5 | K A il 2
AI5 Y (Ju et al.,2006; Burow et al.,2010; 14 & 1+
S5,2011) 5 5 — 5, R S AR S A S Rl s
SR TR SR R S A R R B SR T R F
M5 | % i B 38 XURS: (T BE N 4% , 2003 ; Santamaria
2006; Sadeghi and Bahrani, 2009 ; Koutroubas et al.,
2012) FATHE2E A o, T B 819% [ i &k 1X.
S3AE FHERNA S km JE B, B2 X 2500 s i
AR A AR, HH VD BT T R I e BT A 3R (3
JHEAE Rk 2013 5 IR WF 55, 2014 ) ATS P E 1Y
KIS B B W T K, R 2 5 R
A R K &S /A B B — 2 ( E AT,
2010, K4 H 45 2012) . PR, 80N o it P A0IT 3
TSI IVER , 2 N 51 & T T A B JXURS: 1)
HEIRBEHE.

VDRI L S5 43 b DI v & AR R N R AR T
R A3 2¢ ™ 5 X ) — SE A R R R &
TR IA 300710 J3 Db BREE A & PR, A K
WEZ 5045 TV BURNE R, AU B 52 BV 5500 5
YL i HAgol AR 7= AR 7 EUIE A K 2t e
FHIA S (B 81 3245, 2003 5 TR I 45, 2005 5 58 % 3
45 2008 ; TART45,2010) . I, TAR RN T A% X 3
A R BT b K R SR R B i Y
M, DA K p | 1 R XU, A B Ol 4 s i A
RT5 e SR & Z IR O R AR S E .

2 R (Study area)

DRI AL S5 ML TR Jig i g A DX VD BT I
L B SR 17 20 A1 1) 22 R i R A I, HG e ]
P T B AT & B0 0 b BB A A 2 i
RITE T i K SV B, B At R IRJE, AN
WA AL GRS AR X VB 5 Y T K

50% LA FJE TV 2mk 47 V 2K . 4 HRUIE jiti 1
35 7E 380 kg-hm > LA b (LA N i), Horp g S Al
I P 2 3k 750 kg-hm 2L (AN i) .48
THE R R X 9 3 s 2238 390/10 7, Hirp
INE R R ER 5 35 516710 7, I 5 42 [ 286/
10 JT BRI K DR 2ok B, 2L E R

3 ##5 7% (Materials and methods)

3.1 FEEKRGEAAE

KL 25 2 AE W 0 B it & 64T AP A
A, WAL ISR TR, fL IR 2N & A, A 2R ME
YIFESREAE e b LXK R A FE 43 SR 4 10 7
DL ER R ARG RS R R R P Y A R
FESH GPS B, B HERFEIREE 0~40 cm, M K
FERAE T B A PN I AR K S T () R 7K 3 5 5
FE il L N R AR RS RERMESEHE N
ol /3 Ut IS 5 e, b SBEARE ot SR I 5 B A it A i
AT (BE WO AR 1 F8 DA b, 9285k B i e K al
WE L) , Bl E K7 A2 H—7 A5 H,8
H3H—7 H fEYBGRB o A 13 H—9 H 16 H,
10 A 19 H—10 JI 21 H RS - 458 i F /KRS Sk
dtn, BRI N A XORAE  SRAE R RS 3~4 d. 13
R R RAE 4 0, VU i b B 2 1 kg 26
IRAHRE, B K RERAE 1000 mL, A SR 245 3R K
REI, 5 R IBO] B R4y, B AR R4 1 kg 2240,
AR EERE A% | ZKFE R AR vk He v e R A7
R AR IR 186 A, b T ZKAE 84 AN, B S HE i
118 A~ RAFE s E UL 1.
3.2 pATAlE %

+HEE 20 H (2 mm) 5, FRER 10.00 ¢ T = Ak
T (CEARES R YE 3~5 3 ) , A 0.01 mol - L™ CaCl,
W (K 10:1) , A (200£20) r-min™ 3%
30 min i 98 BESEFE MU AL 2 ~3 mL A/ NBHIR A
AU 28— B 100 mg 254, 4% 1:2 19 B
F B FIK A LR WML 2. R 7K IR SEAE o A
SR ERARAE (4 °C) IFTE 3 d NI 5 5. I
FIHE T KRE S NOS-N 1 NO-N PL K NH;-N & #4>
BIHAEE SEAL 23 A AA3 3 223 8h 43 AT ( Bran +
Luebbe AutoAnalyzer3 ) Wl & ; &% 3¢ A & NO3-N Fl
NO;-N & 5K EifF = WFZ756 4] WAt B
THIE I ORAEITAE 3 d PRI e HE.
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Fig.1 Distribution of the sampling sites

FIERE A2 AR AT A 20, 9 B A 3:2, B R F] 100.3%.
BEHLE A R RE S P Y S kAT SEATRE RGN 2 .+
§ 7 o _ . 4 258 (Results)
FEA NOS-N FIl NOS-N L& NH;-N (5725 [l i R 55
#] 96.8% .99.5% 95.4% . B P RSIR EL SOl 401 FREEDFAEKBELIEHIEAMRELER
IR F 100.5% . KA E R T 2 v 0 2 485 0 A AR X IR ) 75 R AN TR A ) &R
W MR S % (X JERE SR A RE WG VR b AT R GE R IER S A S ENE S (F 2).
PR PERE BRI R 40 AF -h HERE/ T VR R

450 mmmmmm NO3-N 18
A
400 - === NH;-N 17
350k EZEED NO,-N
To AR ¢ oo
£ 2300 22
e 5 % &
= £ 250 & &
@ z 200 4 Z Z
8 L
82z 3 Sz
150
100 2
50H 1
0

0
ANEHL  EH BRSO BAESEH Mt TEAu PR MEM REM FokM g gE
n=12 n=10 n=26 n=28 n=5 n=7 n=6 n=6 n=8 n=12 n=5 n=7

B2 EMERPETELEMMERERE TS 3 MLSEM S8 (I /N IR, g 20 A I MIRAE, T AUy B b 22 %
FEI AT A RO )

Fig.2  Variation of soil NO3-N, NO;-N and NH;-N with different crops and nitrogen fertilizer applications
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M 2 0 LUE O H 25 H ) U8 e
v TR E e it G R A A RO R () A
G AR (PR S i) — ok s S,
Jit 2R R S R R O I = T AR A (CGRAR AR AE)
S, 2 A S b+ A A AU O ek 257,72
mg-kgl ,%%Uﬂf]%f/ﬁiﬁﬁ( 156.38 mg- kg71 YBY 1.5
P, EAK(123.67mg-kg™') R E (121.06mg-kg™") Fl
FAAE(98.22mg ke ™) Fivi T IS S A& =AY 2
£ LA R A6 SV AR K i 2 A X A D
T4 A A B B AR X AL, 43 A 18,95
mg-keg ' Fl 21.74 mg-ke ™' SHL ( ZAESEHLRIAE VRS
) BHESHEEY RS A D E 2 R0
RIEIR,p<0.001, 22 548 % W 3. Q% = i AU it FH
EHA RS AT = T EBEY A K gy
B WA S B S Sk, QN 248 32 b R 5E R S 1
WA SR T oA F) 5.28 mg - kg
3.15 mg- kg™, FOK R TR it FH o A v LA B
B, A A S AT S A F) 3.36 mg-kg,
FE R AC R W RS R AR (BN
1.57 mg-kg ™' F1 1.25 mg-kg™") {2 F5 AL B /NAE Al
T T - 498 27 31 4 I it P s i, 8 8 RO 38 1 i
AR5 (4359149 5.85 mg-kg ' H15.51 mg-kg™") #h,
HEEY £ 888 7O 35 & 8B, ¥ E
2.02~3.66 mg-kg ™' Z[A].

RN B AEE AN R A K o BB R AR K,
DA e i 25 R B e B 2 A S [ B T A R
255 —AF LT, VR 09 30 e R A I /U
Jite AWK, e A A S b2 B B E T,
HEA S A5 1E it T AU AR e, R S A
AP Z BT AR AS R A A B B A A A
TSR 1

MW 1 ULE W, OFEYAE KRR HIEMSA S
AL TAEY SRR AR IS, F 1 R ik 83.47
mg-kg™', S5 VEY USROG 5 3RS S AT
B 2.5 f5R 4 50 OFE kA i s
AR AR, A RT3 & 2 RIE R
% 31.36 mg kg™ WOIR)E b AR B S A A — 2P
B2 20.75 mg kg™ . @ HIEP WA S A & BRI
B S A A UM R) A A8 A A A, DA U 3] i
WK 5, Bl 2 008 it FH B4 42 1k R = K o B U
D RS ECE S M 4.83 mg-kgT R
MR 2 1.03 mg - kg™', FF & WK 5 ) 0. 39
mg - kg™ D5 RS F A S A & 2B
[A], TIEh S A B8 & =Y AR ERK B
BURFFAXSRRE | BR A AR AE SSEVE D A K 157 3]
TR SE M, 5 A i Ah, RHB 4 R AN R A A
P AR, W AE R 3 i B AR IS, RIS
ROV &I 2.5 mg kg ' 24

F1 EUTRERKMRTIBEHSASESTER

Table 1 Soil nitrate-N in different crop growth stages

X HFEZRERE/ (mg-kg™!)

S o A P L = i/ (mg kg )

NO3-N NO;-N NH}-N NO3-N NOZ-N NHZ-N

AR n 68 68 68 64 64 64

JE R 2742.19~5.23 10.5~1.42 14.53~0.34 2742.19~10.03 10.5~2.26 18.74~1.48

S {E 83.47 4.83 2.56 149.01 5.14 2.62
e8] n 16 16 16 10 10 10

FeniE| 176.78~12.10 2.15~0.08 17.72~0.98 176.78 ~21.41 2.15~0.09 47.52~0.98

- E 31.36 1.03 2.47 37.18 1.03 2.49
ks n 17 17 17 13 13 13

JE R 122.11~11.03 1.13~0.67 4.75~1.57 122.11~15.39 2.58~0.74 4.75~1.57

S E 20.75 0.39 2.34 31.70 0.96 2.34

SRAIETE DAL, DX P e A A P
SRATRAEMED AR AR ERBRAL 52X
[FIRE RS (] 3) (HICIE AR A ] s
W RWGRSE 45 B B A 25 R 2 i ]
i T AR (3 1) R AN ) AR A
SRR AL P RS RCE B  ERE A RE A A TR S

KRR HARY A K R S AT 2 & e ik
149.01 mg-kg™', RMEZEVEMIER S , T3P s A
B2 5% B AT = 3A 31.70 mg - kg™ Jiti A & AN FR 5
PR R, R VR YRR b 9689 = & A R U it
P IR I i T4 DOF- B KO B IS A
AU T2 XK, FEERA A, H
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¥

— TR TR e AN P S AT YT IAT , R TR R SR M A
ey BRI S T e
AT AR T 7K R, 2 — 20 B T i A A
PR BRAEAS RN i s AR PEAE A R A= 0 1
B A AS RN AS AP 2 35 i 5 A X HKF
oI (3 1) SR R AR A A R Y
FRY G EXOFERP A T RN & T

500
Eﬁ%ftﬁﬂ
—~ 400 #H
o [ Tiei3=
<
2 300 -
z
S 200
Z
100

SRR il BERNBR K SR AF T, LA L o0 i A
SERHACAE T IE R, Bl A A T 58, AN T 6 R
AR R S R AR AL A KA S PR R o T 5
SRS AN IR RE SR, TR I £ 9 8
SR BASZH P AU WK, A B A R E
(XZHRREE 2004 ) , 1M 52 Tt AR 5/

N T
n=8 n=8 n=18

&3

i %

A3 ik KREM B S
n=22 n=7 n=8 n=10

ERBAMERARMEMMERA T ERSRRETNL

Fig.3 Variation of soil nitrate-N with different crops and growth stages in the cancer village

i F R S VR P AR R S A A
REIE— 20 B et VB T X - A S AR R s R
RN 1 B0 2 i 8 & b T & AV E I TE
AR S A S &S T 2 XK Horp
VRT3 A 1 %) S A T K 3 PR A Ry B I B
AR I 22 4 S Ml R RS VR S M T SR S A 1400
ik% 276.44 mg-kg ' 1 196.05 mg-kg™", 7l T4
[X 247.72 mg-kg ' F1 156.38 mg-kg ' K-, T
KA K W) b A A A S B 2 Gk F] 215,02
mg- kg™, VL T4 X 123.67 mg-kg ™' B2 7K A
YEYIMOR G T B A RS B, WA 2 AE e 4
VESR bR K Hb A oA 58 1 i A R o 49 )ik 3
68.26 mg-kg ™' ,47.47 mg-kg ' F136.75 mg-kg™", 533l
& T 52.33 mg-kg ' \35.89 mg-kg ' I 22.40 mg-kg™'

(144 DX 32K P
42 EEHSEREMMTARNDH

AN [ SR A 5, 3 A b T /K 25 R
ZERATLIE (R 2) , OFEY A KO0 R R /K
S R R B K EOH R 1925 8] 73 A e ik, B+
SRR A R R e Y DX, R KA AR R A
1+ MR AT 0 BT, - S T A 2 G
15, S M 2 DX A R R KR A L i A ]
O3 A 152 BV BT TR Z 0 B AR YD R Y 2
ARG R AR, R T KA S A S o 4
DX F e, FEJBUPR B i S i R b A s 9 it AR B
RGP (V0 AT K RE B, DL S i 2
SHCE LT /KRN 25 2R BRI BT R
J AL

F2 EPERKBIEMBTKNO-N FELLE

Table 2 Comparison of soil and groundwater NO3-N in different sampling sites in crop growth period

NO;-N & it
S i A HENE LA KRS —
T35 n 81 105 44 38 104
SR 2742.19~10.03 1179.16~5.49 2742.19~162.12 1179.16~74.30 579.68~5.49
SFHE 149.01 51.29 276.44 135.05 37.62
K n 14 28 12 14 16
| 26.30~50.87 0.13~15.69 11.19~43.64 5.39~24.41 0.11~21.65
A 38.32 7.54 22.93 13.22 3.89
HFRR 100% 27.22% 71.43% 50% 17.85%

. HHEF NOS-N S mg-kg™ MR /K H NOJ-N &&= B mg- L',
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MAEP A= A R SR A A S R kb T KA 25
R EI R (R 2) , 8808 R Bt R [RERAE S
IKAE AR R UE ) 25 5 o e A EAE D AR+
A AP &R 149.01 mg-kg™', NI ER E
TSR AR (51.29 mg-kg ) Y 2 5%, H
HoH R K AHAS Z Y & & (38.32 mg- L) HIIA 5| H
B T KA A E i (5,50 mg-kg ') iE 7
5, B VDRI 7 98 0 v AN P M R KA A R
FEER [ VDR B R 1 A A AR
VPRI it LA AD X 3, 22 4F 35 1l 6 A S5 1l AT — fi
i IS A & W HU (R 7.35:3.58:1, i
HXt W FRKESAFHETEELMEN
7.69:3.39 11, KECH Y, U6 HA VDB 17 LAAM X 3R,

WU KA SR B H IR A R
43 EEHAAREAFEXHRESEND W
WS X B AN IR R AL 2R 5 - HEAH S A (NOS-N)
R IR 3N 3 T LR, Ol T 2483
it R A A U W TR A SR, TR
— 2, HAH IR R & WU & TR AR,
KERT e Hh 2~ 3 48, D BIFN AT 5 A5 LA Q)IF]
FELIEEAS RS R OU T, il T WCRE 1 FEE 1L fig
77 (AR A Ji e NR M AR R4 S NiR 5 1) 1 22
S, AN RN 2 i SR PR 6 B R AP AR AR K 25 5, Hop
RSN NEFNSES I ENE S SSE i . 2y
MR R 7 i — O H B MBS A KA

R3 BRRERPHRESESTRELENO-NSENILE

Table 3 Variation of vegetable nitrate with different soil nitrate-N in vegetable growth period mg-kg™!
VRS LA

+1€ NO;-N 13.13 17.54 55.61 89.56 114.87 195.34 267.08
K 13 Brassica pekinensis — 973.46 716.03 1057.55 — 2168.74 2974.29
FZA Allium fistulosum L. 77.04 62.93 100.28 123.16 199.82 279.05 314.03
P3¢ Spinacia oleracea L. 857.85 — 1763.99 2254.44 3222.32 — 3809.77
#JK Cucumis sativus L. — 23.74 26.18 89.02 171.33 250.67 —

i F Solanum melongena L. 63.91 — 144.36 137.88 — 383.13 499.50
M Capsicum annuum 1, — 66.28 — 145.05 290.39 275.40 343.66

T —FR A R SR .

1500 . g ke, IS S o T R B T R A
il R FOSE AR 2 T80 K. )4 R 4 S i o
200 I 1 g S A B R 25 A L T T ARG,
Lol g S H TR T A U 2K S 25 A B B
g par - 140 IR ER B - Bk 5 TR EE AR B B

508'2’ T ' JE ATt 4, S RE X 65 S M IR £ (NO; ) AR R R
0 30 60 90 120 150 180 210 240 270 300

+3% NO3-N/(mg-kg™)

4 MERFFMBHAMTHBERELS T EHSE (NO;-
N) B EHIK T (1 BLSRAE RREL A R EL A A 5] b 2
SERE A O B, SR ARG K 3% ( Brassica pekinensis)
P35 (Spinacia oleracea 1.) , 1M F 2% ( Brassica chinensis 1..)
F#ZE ( Coriandrum sativum 1..))

Fig.4 Variation of leaf vegetable nitrate and nitrite with different

soil NO3-N

BIFFE DX SR 2K i SR A PR ML A IR ER B R 5
TSRS R ORI 4K 4 TRUR 1, O
Bt SR HH B R I i 1 7 e B A b B e S
SRR LT WG, 24 R A R S R 90

(NO,™) FYFR B A I 2520 ( E IR SE 2002 ; 22 B
4 2010).

W DX 9 i 2 B T AR ES B R T AN TR) b
SEAYMREL & B LA L3R 408 T S 2840, s i kbt
FEHEAFRGE MR T ®EYEm TRANEE
PP, Herpoin SR R £ i o e AR 3 £5 LA
b AR IR A R B e M R 2 f5, &
RHIRR PR 1o i AT P s E i 5 A Tk 2 8 179 XU G P
1o T X P B S . i e AR T 2 2R S R R
TGN 45 SRR FA 0 SRR AT BE R B AR
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Table 4 Comparison of vegetable nitrate concentrations between cancer village and other villages

BRHARER At/ (mg-kg™")

-3k iR g MRS TR
HENE n 16 22 9 15 5
G 73.26~3965.2 48.42~919.37 121.09 ~ 1566.78 122.9~2024.51 147.71~1022.30
RBGLE 2492.55 176.91 592.43 951.26 360.71
S i A n 12 14 8 11 5
Epsini | 853.26~8771.5 64.08 ~2026.14 334.43~1912.96 84.08 ~3907.22 105.21~903.55
F¥E 3269.04 553.72 769.87 1733.45 249.19

T P SRIADAE  RASR, B 3% T S AN 3 MR AT 0l T, S TR s 28 2 A - R AN AR 33 ISR R AR ST 3, WA h R

ACESOFFEITN

5 1Fi(Discussion)

50 AREAE L ERSERE

B A 1 A A R B AE S PR R 1
b g g LB A SRR A 1201 A MR SR b+
HERE S A U AT B T 2 S A O S -
HERAS A S T 150 mg - kg B - REAR W SRR
59.3%1 35.3% (B LA, 2011) , INEAEXF ALK
ML PP AR X A S A B BT, 0 ~ 80
em HIEH MK HAS S AR FEH N 55.86
kg-hm™ B & PR B AR 4 RSB A +
S ORI ) i 285 B 22 TR 4 P 28 it 2R R LA
AR AR SR (PNZESE 2012) BIFST DX SRR v & b G
ZAEKEM E A A S BB &S 276. 44
mg-kg ™' A HABAEY FPRE 0 2 f5 0L T
4 [ RIS b (1) S-S5 7K SO B VE P Pk 4 48 (R
M) A AR A RAE 34.07 ~123.67 mg-kg ™' Z 8] (A
3), AR 0 A K AR Ak, F % (2002) 25 LA T
S MU A AR S AR SR B, 5 KSR A S A AR
B L E AR s 4.5 F5 2240 (2002) |, BIFFE DX 9
1 A EVE PSR I - A A AU 5% B8 W B e T
LXK B KF- | 2248 30 i VA 1R S 1 SR S R vk
B350 67.07 mg-kg™' F146.39 mg-kg™' (K 3),H
M H A ECF 5% B K F (25.88 mg-kg™ ) BUAE 3
£ AT LAE 5% DX e & IR S AR R
AN Z B T FH 0452 ), 28075 G AT 7K T R A 2
HEME R EZ —.
52 AMAFEEREELEMHT AEALARE

ik 4 B0 S BRI B, 7E T K i A AR T
8 mg- L™ WIHHL T, BD AT SR AS IR R 7E 1~ 10 em &
FEEFERR R, SR SRR B R A SR E R (K 4
HRAF 2012) ST X IR 2 AT R B & Vb B0, AT

YLK B ROV , AR 25 X 2 SR
IKAEPRER A R 7= AR VR Z 5 . b 1 1 A R HE R
Taf 7S A, VDR 7K Tk R 2 R0 R B A S (] s [
AR T, LS R R h Wk B A v Y T ak 50
mg- L7 DL ARAFGY 4 YRR A A E & 7l
4.57 mg- L7 8RRV & 80 11.09 mg- L7 i T
HuAb TR AR R R A A X, TR KIS LR,
— 10 d 24 T EEHEE 1 Uk, R R T X, v
WEFH 7K B KL HE IR /K VR B A T K, A R K.
HP G R AN T B K TP R TR R 1 1 R R ik 38.32
mg- L7 HEREAK P ) RE R R 4 0E A 35, W] BpAT /K
W R, T R R R 2 AR P R
AR, dE— 251 L e my RaEh 19 B8R & T
TR X 28 R I (A Rk it 817.94 mm, AFE2K &
i 1567.23 mm, fie i Al 3k 1902.5 mm , 2478 K
KRR 1.92 £%5) WK AL R K HEBE)S , K 5
KK R IR TE PR, U K S I v R
W KRB, Zead K 01 s 2 i e - 78 kA
PRV It AR T K 8 AN T ) - R R KRS R
AT DATR Y, e A 7 38 v A 8 TR - 78 R s o 7
() S AR | i RS YTl RV e R M T K A
R B BN 2z — . N I, 7E Rt P T B
FHIRE BT, VR0 1 7 16 oA 1o & A 3 R
TR R 5 P i A B T 9 A O 1 A
FHIE.
5.3 T AR R AR 2R
TS 0 B A 2 (b R SRR X 1L AR Aok
653 N Hb T KRR AR 25 2R W, R KRS A
XA 22.6 mg- L ORI AR R A B 59.5%
(FEFEHTEE,2005) HF5E X ZAESE M T /K F-H R 4%
RGN 22.93 mg- L7, HAHEIT AR I B 900 =
BATEYOR I E P & k8 T 38.32 mg- L',



34 AR 2 1 58 - U TR A S i P i A DX S 25 R0 M K B SR i R AR 2R ) R 997

MR B I A 6 AR K T3 A B ) ( GB5749—2006 )
HiE Y 10 mg-L™'NO;-N brifEfE, #iF5 215 100%. F
I R R R PR R A A 25 v P AR K i R ik 2
R XL

SUN Tl s TERON AW AR e O R PN N
W SR MR R LA R A JRL R (NR) 138 SR BE 7 (B%
S 2005 ; HRFREESE 2007) , 51 B SRR £ 0 5
EAE R TE LS A A BT 90 mg - ke
J& B R R fr SRR _ LT 4) kiG] R E
PR A B XU 42 B AR 7™ il e & i i — O A i &
FRY (GB1840611—2001 ) i & 1 % S il PR Eh &
BEFREMRE (R ZE <600 mg- kg™, 32 <1200
mg-kg™' 2L <3000 mg-kg™') , WF5T X I = &
FEFEM S MR SE R B SR i R 5h & m  Md T A
HERRAE. 22 WU 58 R W1, A AR $8 A BB IR R 30% ~
90% kK H ¥ 3 (#RERLE S5, 2007 ) , 4R WHO #iLE 1Y
MK AR HAEAEBREL ADI {8 3.7 mg-kg-bw ™', %
PR 60 kg, HIEE T 0.5 kg #h2%, DL Lt =k
ERBORZE B AT HIR 45% R T5% WS PRI T, 5 3%
TSR AR A B i il 432 mg-keg ™ (RRIE SR RS
9o SR E A AR 785 me-ke T (HEE AR R LR
G RAEABRAYST 2N 1440 mg- ke (B
FRERIG YY) (PLWA R, 1982 ; #RHA 1545 2007 ) . 3
B, WF 5T DX S 28 AR S 2R B SR RS R £ V-3 & it
Bt T 1440 mg- kg™ Hd5 g BR AL A &
Tof P S 28 % S A R R - 1) Fr i Ik B A e BR A Y 1
FRLL b, AN SRR S A R R 2 & R Ik 8771.5
mg-keg™", R BRI Y 6 15 2%, W = A i
R 3 3 5 A T 5 1) = R Uy I S 2 R AR
IS AR R B SRS PR 2 3 A B XIS

6 251t ( Conclusions)

1) BFFE [X R 0 AE Jii ) A 0 2 5 35 M T 4
R R B 32 R PR VD ATV SR AR e AR TE
TG G, WK IR T A S A S A,
T IR - 2R R R R ) R A IR T
TSR,

2) JEE R AT T R K BT A2 B IR A R
IRTEE FDYRT K A5 (1) BUEE 5% ), A S 07 38 3 o i ik
38.32 mg- L™, MEFRIT 3 fif, Ji RAKOUK i A A 2 R 1
it BRE UG LA 28

3) B A A A i, B AR SR R R R
SN R 5 P i SR i T2 4 2% 8 fe A XL IX P 9

e & R ISR 2K R R A R 3k OF 38 % 3k #
3269.04 mg-kg™", J@ T B AHRRER 15 YL , 55 S0 R £h 2%
72 1) R JXURS: PR S 7o T e A
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