H29% 5 i
20009 45 A

o5 o6 i
Spectroscopy and Spectral Analysis

g W Vol. 29,No. 5,ppl413-1417

May., 2009

ICP-AES ZH M ZEBHBERMERE BT R K B KB

¥ T X

[ T N

AR B YA SRRV, = B
7 A AN B B B R bR o S A IR BT . Z R R
RO KRR SRR, =7 B
BnEREE AR, # R
VYR AR e e bk 2B . =P B

/iﬁéﬁiza 7H: ﬁ%l9 7%%#%19 E-Fﬁ)l%lgj‘? &i@;ﬁ\:ﬁz’ :ﬁJ‘J—-E‘}‘Efl’S? %@%%l’ )& Eil

650205
650223
650201

650091
650224

O OE RMbEREAEE TIRE T RIOEIEE(CP-AES) X 55 = R 44 K Fa ok B 5 Floks K . B >k & H AR
Ji7 1) - 8 18 Fhw T oC AT AE S AT, nds R 7 93, 1% ~110. 2% 2Z 18], RSD 2 0.8% ~5.1%. 18
B H L2 (S, Mo, Ba, Ni, Fe, Cr, Na, Al, Cu, P, Sn, Zn, B, Mn, Mg, Ca, Sr fl K) J& T 8 F K I P iR
A TSIy . ORI A BRI P>K>S>Mg>Ca>>Zn>Na>>Al>Mn>Fe>Cu>B>Mo>Ni>Sn
>Cr>Ba>Sr, #ik P>K>Mg>S>Ca>7Zn>Mn>Al>Na>Fe>Cu>B>Mo>Sn>Ni>Cr>Ba>>Sr, i
FHEN] K Fe>>Al> Ca>K>Mg™>P>S>Mn>B>Na>>Ba>>Zn>Cr>>Cu>>Ni>>Sn>Mo>>Sr; 5K Fl ks K
Bx SHIP AL, 16 R Fioc R & X B AR T L3 5 #5 Ok Rk oK R A Fh i JC & (Mo, Ni, Cr, Sr, Mn, Zn,
Cu. Na) [HJAH I B AT R ICE (P, K, Mg, Ca, ST ADEI R HEY] . = L3 LLUE B0 S 45 0 1M
H R FIRE R I DABE AT BE 00 o 325 LUK O E 8 LUREOR 3 50 15 R 18 PE G . SCTE 45 R vl BB N DI BB R R 1A% 75 F .
A 7= LA B N8 M A 5B 972 R R (Fe, Zn Al Ca) W] JRAF 53005 % .

KgH

hE4S %S 0657.3, S511 XEkFRIRAD : A

E1]

W) TR A AR R G R R W AR BIE S E Y
RO RN AEK. KT, RR, EESENXEKR, 0
K. Ca fl Fe 25 & IS H™ 5 Mrdkmn Mg Ml Ca PR 4 3%
55075 &M W Ca, Mg, Fe fl Mn & i #1545 &
Mg Fl KPR 32 458 Fel® B A O 1045 9 5 W2 5E 8 i 77 Na/K
FEAR A [ 1L R AN 1M BE T i) 5 #E# Zn. Fe. Mn, Ca, Mg fll
K & EEFIA MM IS EIhm Ca Ml Fe %034
EEN .,

BG4 45 B TR IR T & SO it (ICP-AES) X It 2 J4 4
70 ZFOUEBERMCAK B R, LYV SR
JG 2 [ A0 5 095 Yo /N s AR 2 T Y . g R
N R I TRIC R R ARE T L, ~m L SH
YR ARDRL R B L B L BE R AR G PR M AT OK P
K F1 Mg W 5885 TR A FIE Y, U5 45 56 ) & B4 ] Mo, Ni,
Al, Sn, Cr 1 Sr ARG R B A CHH 8 & F P, K, Ca, Mg #

W B 2008-05-10, 1&iT HHB: 2008-08-20

ICP-AES; B Jlin®; Kk KK; MM o/ L%
DOI:; 10. 3964/j. issn. 1000-0593(2009)05-1413-05

S HFhIC R WA CN 5 KRR A ZEH I 35 bl AN £ 4 oh
A RO RN E BRI, 583 Y=k Kk o By & &
(mg » kg™") A P(3861. 91)>K(2589. 70) >Mg(1516. 19) >
Ca(142.35)>7Zn(36.22) >Fe(33.12) > Cu(16.02) > Mn
(14, 78 (AT S 38 RS OR AR K 6] 18 Fp ™ BT 3R 11 ¢
WEPEG A oK W AR 8 . A SCH ICP-AES 35 & = # et R K
KK OBEAR B H R 88 18 Fb 4 5T o0 R HAH OG0 AT . S BIE 0K
oK il oK 0 B HER B 0 A 8] A TE OC 2 R ) BB R oK 7l b R i
%%,

IS

F ICP-AES Wl 5& B A #% 5 o't 1% AL 43 1 7% 14 S 2% Sk
[12], MR . m AR, s i g 4l; S, Mo, Ba, Ni, Fe,
Cr, Na, Al, Cu, P, Sn, Zn, B, Mn, Mg, K, Sr, Ca 5 #fifi%
WY R 1 000 mg » L' (GSB072125722000, [ %% ¥ 1%
PR SR AR AR SR SE T 5 TR A b v T 2 1A DU G 9k I 4
R B 3 A 0 2 e BE R /N TR G B b v R 9 T ARV, KR

EE£TEB: HERARFBEISTH (30660092), mFEA B KA ESH (2006 YX12) A AA ;515 H (2005PY01-14) % B)

EBBI: B, 1967 44, = M A LB 3= Be 5T 51

e-mail: zengyw1967@126. com



1414 it 2 51 4 b %29 %
KETFK,

WEE T 2006 4F 2 7 AN [l A SR 55 4>l R KRB AR i 2
FOF R 4, B RE AT 2 22 4 ML ST RS K RURE K ML T B
KEARIM R, A UERI PRI 0. 50 g BT 10 mL B, A S5
mL AR AN 1 mL = AR, IR o R A A RO S,
FEF, MAL: 1 3R 5 mL %MRIRE ., ¥ A 50 mL &
SEATRI; FER 2L MRS . PSR Mok, (Ao
R AT E T B IE3 R, FEERESZSE,
FH A B TR R SO E .

2 RS
2.1 FHEMBEEMEERKE

JCE TR L RAR . R R . o0 A R
ek . A I AR IO 56 58I 5 9k A AT FE M . VN 0. 100 g
e mL7 AR, 50 R M EICERTE 93,126 ~110.2% 2
] 12 YOFEATME RSD K 0. 8% ~5. 1%, 36 W A4 ok H A %%
TR HERN E RS B R, 58 T EoR (LR D,

Table 1 Precision and recovery of the method
% Tk At PR [ RSD % Tk At PR Ff#  RSD s Tk o] mg  RSD
/nm  /(pg.mL™D /% /% /nm  /(pg.mL™D /% /% /nm  /(pg.mL™D /% /%
S 180. 73 0.025 4 93.6 0.8 Mo  202.03 0.001 8 98. 0 5.1 Ba 455. 40 0.001 9 97. 8 2.1
Ni  231.60 0.004 3 95.3 2.6 Fe  259.94 0.006 4 97.1 1.7 Cr  267.72 0.003 6 109. 5 2.4
Na  589.59 0.055 0 93.5 3.7 Al 308.21 0.040 1 93.2 3.2 Cu  324.75 0.001 4 100. 9 3.4
P 178. 28 0.028 9 110. 2 1.9 Sn 189. 99 0.009 2 93.1 4.9 Zn 213. 86 0.001 6 98. 4 2.3
B 249. 77 0.002 2 94. 1 2.5 Mn 257.61 0. 000 4 101. 4 4.6 Mg 279.55 0.002 1 101. 2 0.8
Ca  317.93 0.012 9 95. 8 2.3 Sr 421.55 0.001 7 95. 8 1.3 K 766. 49 0.203 6 98.4 2.2
Table 2 Mean and standard of mineral element of soils and milled and brown rice of 55 accessions for elite cultivars

- T ) . FH 18 5 2% (e - kg D)

R Hk Bk " o Hok Bk 5
S 840. 42+130. 92 924.424124. 57 563.51+197. 38 P 1426.36+279.02 3 389.98+593.36 1228.73+378.57
Mo 1.1240.79 2.84+1.24 39.13410. 31 Sn 0.97+0.97 2.124+0.52 43.71413.89
Ba 0.61£0. 45 0.98+0. 67 157.68+62. 11 Zn 22.0544.23 56.50415. 90 127.50+41. 74
Ni 1.0940. 93 1.9140. 66 69. 18461. 85 B 2.49+1.13 3.69+1.47 318.23+90. 32
Fe 11.81+£2.50 17.28+4.90 50 379.09%+1 6410. 01 Mn 12.26+3.76 26.63+9. 27 526.07+287. 10
Cr 0.70+1.49 91.06+0.57 0.57+63.74 Mg 428.96+98. 48 1122.044+119.86 6 552.99+3 991.57
Na 15.59+38. 90 17.474+7.32 239.17+81.98 Ca 99. 38415. 74 144.544+29. 59 12 566.22432 111.52
Al 12.69+6. 03 19.14+6.75 39 835.56+11 455.73 Sr 0.24+0. 36 35.2340.11 0.22419.11

Cu 3.454+0.96 4.8041. 49 73.78435.78 K 1047.004+241.14 2 373.744+282.86 7 869.3644 958. 42

2.2 BXKBAKRLIENIBWMTRTE
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>Na>Al>Mn>Fe>Cu>B>Mo>Ni>Sn>Cr>>Ba>>Sr,
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Table 3 Correlation of 18 mineral elements between milled and brown rice of 55 accessions for elite cultivars

T S Mo Ba Ni Fe Cr Na Al Cu P Sn In B Mn Mg Ca Sr K
S 0,694 0,088 —0.035  0.076 0.166 0.064 —0.265*  0.075 0.006  0.265*  —0.025 0.421** 0.107  —0.228  0.118 0.163  —0.056 —0.015
Mo —0.006 —0.626* * 0.288* 0.861* * 0.375* * 0.867* * 0.445* * 0.862* * 0.298* 0.442* * 0.868* * 0.197 0.516* * —0.283*  0.052  —0.022 0.468* * —0.052
Ba —0.198 —0.319% 0.215 0.229 0.111  0.267* 0.136  0.345* > 0.179 0,079 0.336* 0,129 0.563* *  0.057 0.004 0.011 0.129  —0.069
NI 0053 —0.268* 0,065 —0.230% 0444 % 0952 * 0,503 % 0,829 * 0.435% % 0,485 ¢ 0.833* ¢ 0.204  0.443% ¢ —0.164  0.120 0.044  0.486* % 0.014
Fe  0.296% —0.265% —0.162  —0.206 0.440% * 0.467* * 0.249* 0.553* * 0.318% 0.503* * 0.252 0.413* * 0.269* 0,190 0.345% % 0.391* * 0.346* * 0.345% *
Cr 0.058 —0.598* * —0.071 —0.521* * —0.173 =0,520* < 0.471* * 0.846* * 0.480* * 0.446* * 0.807* * 0.271* 0.458* * —0.155  0.120 0.065 0.468* * 0.007
Na —0.371% *=0.402* * —0.197 —0.251*  —0.177 —0.277* 0.330* 0.375* *  0.138 0,135 0.371% % 0.063 0.187  —0.120 —0.082 —0.057  0.228  —0.091
Al 0.270% —0.301*  —0.091 —0.305*  0.137  —0.328* —0.253 —0.196 0.293* 0.457* * 0.799* *  0.271 0.626* * —0.155  0.104 0.062  0.504* % —0.007
Cu 0.066 —0.669* * —0.101 —0.601* * —0.150 —0.586 * *=0.535* *—0.554* * 0,009 0.367* * 0.293* 0.289* 0.220 0.228  0.321" 0.173  0.281* 0.202
P —0.016 —0.490* * —0.155 —0.387* * —0.311* —0.423* *=0.463* *=0.420* * 0.094 0.110  0.421% % 0.686* * 0.301* 0.187 0.857* * 0.503* * 0.280% 0.712* *
Sn 0.168  —0.166 —0.057 —0.078 —0.194 —0.087 —0.186 —0.217  0.028  —0.003 —=0.051  0.123 0.505* * —0.204  0.110  —0.005 0.422* *  0.006
In 0.579* % —0.084 —0.129 —0.083 0,105  —0.071 —0.318* —0.028  0.160  0.262*  —0.153 0.564* *  0.228 0.074  0.564* * 0.269% 0,143 0.406* *
B —0.011 0.017 0.215 0.088 0.030 0.060  —0.110  0.049 0.139  —=0.119  0.092 —0.295* 0,106 ~ —0.030  0.155 ~ —0.069 0.298*  —0.050
Mn  —0.249 —0.394* * —0.111  —0.211 ~ 0.007  —0.230 —0.150 —0.249*  0.194 0.022  —0.262% —0.083 —0.227 0.848* * 0.372% 0.197 0,017 0.535* *
Mg 0171 —0.109 —0.105 —0.051 —0.161 —0.110 —0.252 —0.039  0.092 0.362* * —0.029 0.329* 0,000 —0.001 0.384* * 0.601** 0.095 0.872"* *
Ca 0,120 —0.373* *—0.263* —0.302*  0.127  —0.292* —0.344* * —0.243 —0.030  0.229 —0.320*  0.054 —0.323* 0.305* 0.452* * 0.708* *  0.209 0.649* *
S =010 =024 —0.173  —0.157  0.011  —0.157  —0.209  —0.137  0.096  —0.147 —0.191 —0.07% —0.137  0.215  —0.052  0.139 0.656* *  0.137
K —0.035 —0.219 —0.211 —0.132  0.059  —0.215 —0.135 —0.117 —0.037 0.390* * —0.131  0.211 —0.260* 0.319* 0.488* * 0.450* *  0.010 0.668 * *
e ALY 55 ) 5T BRALKI 18 R RIS WK T 59 0 Z R R BRI 18 TR 320 5 AR B HIDK SR 18 7 B0 X
f5 10.05=0.262, r0.01=0. 340
Table 4 Correlation of 18 mineral elements between milled and brown rice and soils of 55 accessions for elite cultivars
r S Mo Ba Ni Fe Cr Na Al Cu P Sn In B Mn Mg (a Sr K
S 0.255 —0.368* * —0.182 —0.112  —0.126 —0.024 0.389* * —0.080  0.319 0.228  0.477**  —0.145 —0.304* —0.384* * 0.076  —0.056 —0.256
Mo 0.144 0.054 0.265  —0.207 0.350* *  0.052 0.101 —0.467* * —0.108 —0.142 —0.191 —0.225  0.061  0.289* 0.180 0.238 0.172
Ba —0.327*  —0.001 0.037  —0.097  0.046 —0.015 —0.115 —0.128 —0.023 —0.228 —0.005 —0.128  0.044 0.180 0.158  —0.060  0.045
NI —0.385% *=0.429* * —0.200 —0.084 0.422 =0.028  0.010 —0.371* * —0.099 —0.127 —0.246* —0.121  0.213 0.431* * 0.104 0.195 0.176
Fe  —0.086 —0.025 0.021  —0.149 0.252 0.100 0.067  —0.157  0.024  —0.045  0.009  —0.124  0.015 0.123 0.178 0.160  —0.103
Cr —0.381% *=0.488* * —0.246 —0.390* * —0.064 —0.013  —0.031 —0.413* * —0.169 —0.18¢ —0.276* —0.203  0.161 0.355* *  0.186 0.216 0.168
Na  —0.150 —0.060  0.081 0,033 —0.082 —0.096 0.135  —=0.107  0.004 0.139  —0.136  0.094  0.264* 0.386* * —0.048 —0.016  0.091
Al 0.076 —0.240  —0.206 —0.182  0.229 —0.003  0.020 =0.452* % =0.157  —0.256  —0.193 —0.295*  0.063  0.311* 0.321* 0.270% 0.064
Cu 0.067 0.162 0.109  —0.043  0.198  0.318%  0.295* 0.068 —0.018 —0.083 —0.153  0.141  0.264* 0.295*  —0.015  0.104 0.166
P 0.106  —0.091 —0.108 —0.110 0.272*% 0174 —0.,022  0.245 0.209 0.015 0.066 0.093 0.111 0.225 0.048 0.038  —0.011
Sn 0.008  —0.212 —0.151 —0.291* 0.324* 0.088 0.214 0.229 0,172 —0.116 —0.265%  —0.095  0.199 0.440% " 0.155 0,154 0.212
In o 0.272 —0.036 —0.099 —0.025 0.450* * 0.317*  —0.052 0.458* * 0.347* *  0.048  —0.005 0.048 0.024 0.011 0.248 0.101  —0.286*
B —0.08  0.039 0.024  —0.101  0.063 0.149  0.261*  —0.107  0.201 0.148 0,059  —0.093 0.076 0.345 0.128 0.180 0.089
Mn —0.360* * —0.141  —0.040 —0.202 —0.120 —0.107 —0.025 —0.227 —0.023 —-0.007 —0.140 —0.182  0.051 0.132  —0.167  0.025  —0.051
Mg —0.441%* —0.224  —0.099  —0.159  —0.257 —0.279* —0.040 —0.362* * —0.235 —0.043 —0.089 —0.289*  0.140 0.169 =0.074  —0.093 —0.001
Ca 0.018 —0.2007 —0.159 —0.099 —0.002 —0.182 —0.125  0.207  —0.071 —0.240 —0.176  0.195  —0.233 —0.243 —0.144 —0.185  0.063
St —0.276* —0.339* —0.233 —0.150 —0.028 —0.192 —0.174 —0.172 —0.146 —0.245 —0.398* * —0.02¢ —0.039 ~ 0.027  —0.016 —0.281* 0.122
K —0.053 0.269~ 0.121  0.268* —0.362* * —0.043  0.060 —0.400* * —0.205  0.178  0.308*  —0.210 0.355* * —0.003  0.002 0.017 0.021
5t 0072 —0.232  —0.101 0.373* *  —0.091 0.341**  0.040 —0.060  0.068 0170 —0.192 0.361* * —0.079  0.243 0.178 —0.030 0.641** —0.025
f5t 0114 0.006  0.0567 —0.373* * 0.114 —0.367* * 0.024 0.217  —0.026  0.013 0.052  0.467** 0.117  0.305* 0.070  —0.106 0.598* * —0.042

I XA LN 55w AR R A AR LI 18 R TR MM s XI55 B s F TSR AR L0 18 R0 BT R BRI AL 5 0. 05=0.262, 0. 01=0. 340
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Abstract In the present paper, the contents of 18 mineral elements in milled and brown rice of 55 accessions elite cultivars as
well as corresponding soils were determined by ICP-AES technique. The method proves to be simple, rapid, highly sensitive and
accurate, and can be used to determine many elements at the same time. its recovery ratio obtained by standard addition method
ranged between 93.1% and 110. 2%, and its RSD was from 0. 8% to 5.1%. The analytical results showed that 18 mineral ele-
ments (S, Mo, Ba, Ni, Fe, Cr, Na, Al, Cu, P, Sn, Zn, B, Mn, Mg, Ca, Sr and K) are the important active compositions of
functional rice, and their mean contents in milled rice are in the order of P>>K>S>Mg>Ca>>7Zn>Na>Al>Mn>Fe>Cu>B
>Mo>Ni>Sn>Cr>Ba>Sr, in brown rice in the order of P>K>Mg>S>Ca>Zn>Mn>Al>Na>Fe>Cu>B>Mo>Sn>
Ni>Cr>Ba>>Sr, but in soil in the order of Fe> AI>Ca>K>Mg>P>S>Mn>B>Na>>Ba>Z7Zn>Cr>Cu>Ni>Sn>Mo>
Sr; 16 mineral elements in milled and brown rice (except for S and P) are clearly lower than that in soils. The correlation of 8
microelements (Mo, Ni, Cr, Sr, Mn, Zn, Cu and Na) in milled and brown rice is closer than that of 6 macroelements (P, K,
Mg, Ca., S and AlD). There are rich Fe, Al and Ca in Yunnan soils, but 4 elements (P, K, Mg and S) are in high priority in
milled and brown rice; The milled rice used for the staple is easier to place a premium on chronics than brown rice. The above re-
sults provided reliable data and theory bases for genetic breeding and production of functional rice, and for further solving the

chronics and the malnourished problems with insufficient Fe, Zn and Ca for 4 billion people in the world.
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