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Utilization for agricultural and environmental issues

by fluorescent X-ray analyzer semi-quantitative analysis

Yoshinori MIURA

Abstract

Regarding research on soil and the environment, the following three research cases in which a semi-quantitative analysis
of a fluorescent X-ray analyzer was performed are shown. Research case 1: Vertical distribution of substances in the bottom
sediment of Lake Inawashiro. Research case 2: Effect of long-term application of NPK elements on paddy soil chemistry.
Research case 3: Elucidation of factor that impair paddy rice growth.

By utilizing the semi-quantitative analysis of fluorescent X-ray analysis, it was very useful for narrowing down the
target elements such as changes in the lake environment and the effects on the soil by long-term application of fertilizer
nutrients, and we got suggestions that will lead to the progress of research. In addition, the cause of the rice growth disorder
was clarified, which led to the solution of the problem that occurred in the field.

Fluorescent X-ray analysis does not require pretreatment such as decomposition with acid and can be analyzed non-
destructively. It can be measured with solid, powder, and liquid samples. Multiple elements can be measured
simultaneously. In addition to such advantages, semi-quantitative analysis makes it possible to quickly obtain rough
numerical values without preparing a standard substance. It can be expected to be used as a screening analysis for research

and surveys in agriculture and environment.
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INTEAT S T IWTEITER b & LRI 2 &
IRRE LTz,
(3) FBAE Rds L OB
IHIEHERE 2 50k & U OB & 21T - 124
RAER VIR Uz, HRIL7ZeRIE, AL 7 v =
U SirAFE, S, KAV UL Ca vy
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V. Fe#k, Cuffl, Zn#igh, As B, Set L
V. RbVEVTUL St AbuarFUAL YA b
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Ba /SU A, Ce VA, Nd AT A, Pb i,
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IR E BRI A DN T2 TRE 7 -9 en JE
NI E-Tem BEX—=2 T KA FELTE
DJE LI THE DB O ZAL AN = DA 28 F 6
iz, LIedio T, R 25, RIERIC LD 2
{EHEATERIBEMER B 5 Z L VR X iz, 21
L72ts2 OFINTIE pH IZBAD D RRER I N2 T I
Z LK pH OJFIR T dh D HiilieA A2 S ERR TR
AL LAERCT DR b SIS BN & £ 556
MENEHEZRZ I N D72 8 RO FHAIZEET 2
B CTHEIRN B Z DN,

Z DR, fEHTO%, Bk L7o iR AR L, E
BOMEFT DL L bIT, RIRFEOAERED
SIHTIE S AFL, BEE M GHLS & UCTB# Lz,

# 1 EAEREY P CR O EE AR

S WA % (em)
0~1 1~2 2~3 3~4 4~5 5~T7 7~9 9~11 11~13 13~15 15~17
Al O, % 20.1 20.5 20.5 20.9 19.2 22.7 23.4 23.0 23.4 23.3 20.4
SiO, % 59.1 59.8 60.3 61.5 59.9 61.8 61.6 62.3 62.2 61.7 60.6
SO3 % 3.11 3.19 3.20 2.74 2.30 1.34 0.92 0.66 0.61 0.70 0.73
Ky,O % 1.21 1.19 1.16 1.14 1.33 1.10 1.07 1.10 1.08 1.08 1.30
CaO % 1.25 1.39 1.54 1.75 2.29 2.29 2.73 3.00 2.63 3.32 3.85
TiO, % 0.83 0.85 0.86 0.92 1.12 0.87 0.86 0.86 0.85 0.88 1.13
V,05  ppm 369 296 331 337 382 258 214 198 206 204 277
CryO3  ppm 80.0 68.2 62.9 44.5 28.9 23.6 N.D. N.D. N.D. N.D. N.D.
MnO  ppm 1312 1426 1515 1557 2250 1776 1807 1809 1845 1792 2490
Fey,O3 % 14.0 12.7 12.1 10.7 13.4 9.6 9.1 8.7 8.9 8.8 11.6
CuO  ppm 113 111 109 101 125 86 76 68 74 67 94
7ZnO  ppm 195 182 168 135 193 140 137 129 138 138 190
Asy,O3  ppm 308 280 302 247 229 111 59 46 54 48 64
SeOy  ppm 3.88 N.D. 7.75 7.99 N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Rb,O  ppm 64 60 57 52 75 53 50 52 54 54 74
SrO ppm 211 222 232 247 363 273 291 308 280 332 458
Y03 ppm 50 52 55 58 80 63 60 58 59 58 80
7ZrOy  ppm 259 268 272 297 398 329 315 306 310 310 400
Nb,Os ppm N.D. 15.4 N.D. N.D. N.D. 14.0 N.D. 16.4 13.9 13.5 20.8
| ppm 87.5 68.6 45.3 22.0 27.3 17.6 N.D. N.D. 12.9 N.D. N.D.
BaO  ppm 277 293 256 307 408 357 312 302 265 255 308
CeOy ppm 36.6 36.7 29.0 38.3 52.1 44.7 38.8 40.3 31.9 30.3 32.9
Nd,Os ppm 35.3 37.3 31.6 N.D. 49.9 41.2 38.8 38.1 35.3 32.4 41.9
PbO  ppm 104 96 N.D. N.D. 68 36 27 24 25 25 35
La,Os ppm N.D. N.D. ND. ND. ND. 178 163 ND. ND. ND. N.D.
Br  ppm ND. N.D. N.D. ND. N.D. ND. 73 74 72 76 103
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# 2 —EFRWBRICEIT HELE HEP ORI R

— s x B B J 3SR A A 8
L R EUURE EHY —ER EEER EUUR ) —EHR BER EUUmM YY) =3
Na,O % 576  6.93 482 527 N.D. N.D. ND. ND. N.D. N.D. N.D. N.D.
MgO % 248 251 237 259 264 291 276  2.96 4.09 374 358 381
ALO; % 219 219 221 219 228 236 233 228 240 241 238 239
S0, % 639  63.1 648  64.0 66.7 648 654  66.7 644 648 649 647
P05 % 026  N.D. 0.25 0.29 055 N.D. 042  0.55 032 0.1 032 029
SO; ppm 945 1167 1410 1451 2820 2830 2810 3220 980 1035 1119 1089
Cl  ppm 183 192 186 169 104 134 137 116 N.D. 80 N.D. N.D.
KO % 094 086 092  0.93 059 0.56 050  0.58 098 093 093 095
CaO % 128  1.39  1.23 1.5 159 154 145  1.54 1.03 114 122 1.09
TiO, % 041 042 046  0.43 0.61  0.60 0.57  0.63 0.61 059 058 0.59
V.05 ppm 108 81 99 86 212 211 192 211 132 120 102 146
Cr,03 ppm N.D. ND. ND. ND. 228 344 511 365 335 280 303 383
MnO ppm 464 438 445 501 491 634 529 481 885 700 741 700
Fe,05 % 2.83 259 282 281 4.02 550 5.3  3.82 434 432 435 4.34
NiO  ppm N.D. ND. ND. ND. 63 N.D. ND. 96 10.2 109 98 9.6
CuO ppm 162 150  20.6 187 384 326 352 426 223 221 211 225
ZnO ppm 694 585  71.3 678 876  79.2 759  94.3 774 766 746 757
As,O3 ppm 3.1 4.3 4.2 4.2 6.5 7.5 6.1 6.7 16.0 137 136  14.2
Br  ppm 1.4 1.3 1.3 1.6 3.2 2.8 2.7 4.2 N.D. N.D. ND. N.D.
Rb,O ppm  23.1 199 222  22.3 204 195 177 20.2 35.9 344 324 343
SrtO ppm  140.6 145.0 138.8 148.7 138.6  129.9 135.3 130.2  106.9 1134 118.0 110.8
Y,0; ppm 202  17.1 202 20.1 218  19.8 215  23.3 178 175 18.0 18.1
7ZrO2 ppm 1065  98.4 118.6 103.6 121.6 1205 1253 1283 1274 1126 127.7 129.0
Nb,Os ppm N.D. N.D. ND. ND. ND. ND. 67 7.8 N.D. 8.9 76 8.0
BaO ppm  386.3 3604 380.1 378.0 269.9 268.9 261.3 264.5  343.6 351.2 342.6 348.6
La,O; ppm 176 N.D.  N.D. 144 N.D. N.D. ND. ND. 19.3 217 171 20.2
CeO, ppm N.D. 349 438  38.8 38.3 439  ND. 40.0 454 526 442 495
Nd,O; ppm  57.2  50.0 55.1  53.1 535  56.5  53.3 545 58.5  N.D. 62.0 60.7
Yb,O3 ppm N.D.  ND. ND. 142.2 N.D. N.D. ND. ND. N.D. N.D. ND. N.D.
PbO ppm 139  13.0 158 137 243 19.1  20.6  29.8 12.3 139 134 137
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WHE KBV TL, CaaNT b TiFZL VA
FIA Crab Mn~rHy, Fedk, Ni =
w7 b, Cudlil, Zn #ign, As B3R, Rb L E VT A
Sr At rFUL YAy NI DA ZIr Va=
T, BaXU AL LaTr Xy, CetU A, Nd
FA VL, PR TH T, TNENDITLHRDUEE
ORI W LTS R, KRB OREENRA B
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BEEQODIREEN 10 5Ll B A — & — M m
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BIEY] VOeHFROETIE, BAREERERZR
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7. b B BIR &3 DKOAEBTREE L, KH 3
DIRTTIENERB AL L, Lo B =y

#£3 KA BREESKH O TR
S B FEEO [EREA@) =10) B® Ty s—
18 2/ 13 18 2/ 18 2/ 18
NaO % | 39  ND| ND| ND. 34| 47 44| ND.
MgO % | 34 30| 29| 19 27| 20 29| 33
ALOs % | 241 250 272| 215  243| 228  255| 245
Sio, % | 615 644| 635| 638 61.0| 649 61.7| 644
POs % | 06 04| 03| 03 08| 01 00| 04
SO, % | 04 05| o1| o1 04| o1 02| o1
Cl ppm| 135  152] ND.| 129 199| 149 71 89
KO % | 10 09| 10| 10 08| 15 14| 12
CaO % | 13 16| 11| 14 14|l 12 09| 10
Tio, % | 05 06| 05| 04 08| 03 04| 06
V,05 ppm| 112 146| 88| 88 270| 95 82| 140
Cr0s ppm| 41 49 11| ND. 2| ND. ND| 76
MnO ppm| 567  735| 570 788  844| 502  540| 706
Fe,Os % | 3.1 34| 31| 33 41| 23 26| 43
NiO  ppm| 11 14| ~ND.| ND. 71 ~ND. ND| 21
CuO ppm| 26 27| 23| 23 24| 20 18 27
700 ppm| 9 85| 86| 64 8| 45 6l 79
As;0; ppm| 245 176 184| 21 14 5 8 1
Rb,O ppm| 32 32 31 31 21| 35 40 51
SO ppm| 109 131| 111|132 1s8| 111 93| 118
Y,05 ppm| 29 30| 31 2% 22| 20 24 21
7r0, ppm| 122 130| 124 114 123 90 97| 164
BaO ppm| 343 350 | 459 | 348 273 | 327 394| 419
La,Os ppm| ND. ND.| ND.| ND.  ND| ND. 18 20 o B "
CeO, ppm| 44 44 51 40 ND.| 35 45 5o (i) JCRIIMALIHRTIC L2 8Ok
XA CLERDHT E
Nd,O; ppm| 58  ND. 62| ND. 51| 51 56 63 N b tebRte L
PO ppm| 29 24| 20 4 a7l 4 a7 14
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Hi BRI T 5 Z L IT k> TRRAET S & Dtk
N5, FENEEIKHEORE RITFERE
SHFCIES D0, REOFEHEE KE B HHE
FEThotzZ b, £l ANy FRBRIZX Vb b
TRINC T DIEITAL D HEAEIR DS AL U 7RI )
5. ERMFEK ThH D ATREMENmW EHEER ST,
Z 2T AKRROER  IWE~DFBEOHIWN & 725
AR E BOEBINTEIT 72, FEFITFE 4 IR
L7z, BEEFENA LK HHEO Rt e i3, &
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B OEEBINR A2 L~ YL Thom 2 L b,
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T&7,

K4 KREBREEFKHE O RN e 5

S AIEPEE R ESi==3

(As mg/kg)  (As mg/kg)
] 67.6 186
BEEQ 208 39.4 133
3JE 20.6 121
BEQ 18 A7.8 139
1)& 7.7 16

BO

2= 4.3 11
1)@ 3.6 4
RO 2JF 4.4 6
3 1.3 5
vok—  1)E 5.1 8

(%) FIvAMEE 35« IN BUELER
AEFH WX R
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S I O ECHERI) ~DOFEBIC O\ T, HERE
W DITHR DN E BT EAT o T AR AKE D pH I
RO DN T A KEHUIZED S 7 L
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N, FEEE R < s 5 7o I TR PR 22 AR5
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