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Genetiic Studies on the Trace Elements in the Soils

I. Anion-Exchange Separation and Colorimetric Determination
of Manganese, Cobalt, Copper and Zinc in the Soils

Tomomichi Koucnr, Shigeo YONEDA and Hideo NAGASE

The method of anion-exchange separation by the colorimetric determination of Mn,
Co, Cu and Zn in the soils is examined. The procedures of separation are described
as follows. '

Put 20 ml of 6 N HCI into 2 35cm by 9mm column of Dowex 1-X8 (200 to 400 mesh)
and let it drain prior to placing the sample on the column., A small amount of 6 N
HCI1 acid soil solution of the sample is added to the resin columns, and wash the
inside of column reservoir with a few drops of 6 N HCI after the sample solution has
passed through the column.

Mn and other salts not adsorbed by the resin are eluted from the column in one
fraction with 30 ml of 6 N HCI followed by 10 ml of 4 N HCIL (first fraction)

Co is then eluted with 20 ml of 4 N HCI followed by 10 ml of N HCL (second fraction)

Cu is eluted with 30 ml of N HCI after Co is removed. (third fraction)

The column is washed with 20 ml of N KCl to reduce acidity and to remove Fe
remained in the column. This effluent is discarded.

Zn is then eluted with 35 ml of 0.001 N HCIL (fourth fraction)

Mn, Co, Cu and Zn are determined colorimetrically as follows,

Mn : Chlorides and organic substances are removed by boiling in sulfuric acid and
are determined by the periodate-method.

Co : Evaporate 30 ml of effluent solution from the column (second fraction) to dryness
in a 50 m] beaker. Add 5ml of water and then Co is determined by the nitroso-R
salt method.

Cu : Evaporate the third fraction to dryness in a 100 ml beaker, and determine by
the diethyldithiocarbamate method. Interference from Fe is prevented by the addition
of 50 9% citric acid. (Table 9)

Zn : Transfer 35 ml aliquot of effluent from the column containing Zn (fourth frac-
tion) to a 50 ml volumetric flask., Zn is determined by the use of Zincon,

The separation and determination of Mn, Cu, Co and Zn by the above procedures
are considered suitable for determination of these elements in the soils,
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Table 1. Elution of Mn in 6 N HCI from 0.9 X 3.5 ¢ Columns of Dowex
1— X 8 (200~400 mesh) Anion-exchange Resin

Number of 10 #f

Micrograms Mn found for indicated amounts of Mn added

fraction 264 1g 528 u% 1320 #4 5280 14
1 0 0 0 0
2 174 343 952 4030
3 86 179 375 1300
4 0 0 0 0

Total Mn found 260 522 1327 5330

Recovery (%) 98 99 101 101
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Table 2. Elution of Co by 4N HCI*

Number of 10 #¢

Micrograms Co eluted for indicated amounts of Co added

fraction 5.04 u9 30.2 #8 50.3 ¢§
1 0 0 0
9 2.5 21.15 31.15
3 2.55 8.65 18.65
4 0 0 0
Total Co eluted 5.05 | 29.8 49.8
Recovery (%) 100 \ 99 99

*Co added to columns in 6N HCl, washed with 40 #/ of 6 N HCl, and then Co eluted with

4N HCI
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Table 3. Recovery of Cu and Fe by Various Concentration of HCI*
(51.6 #¢ Cu, 9880 1§ Fe added to each columm)

Concentration | 3 2.5 N 2N 15N 1N 0.5 N
Element
Number of Cu Fe Cu Fe Cu Fe Cu Fe Cu Fe Cu Fe
10 #f fraction
1 0 ol o ol o 0| o 0| Tr ol o o
2 Tr 0| Tr ol 26| 0| 89| 50|47.7|430335.8 | 4688
3 16.7| 0/233| 0/80.7| 75|42.5 5730 3.5 5213 | 15.2 | 5143
4 65| 0| 55| 0|147|2045| Tr | 2425 0 | 20| 0| 0
5 36| 0118, 75| 1.9|2413| 0 | 795| 0 63
6 40! 0| 861050 | Tr | 158 | 0 | 363
7 370 0| Tr |2675| 0 | 93| 0 | 178
8 43 0| 0 |2605| 0 | 603
) 50 0,0 |2155| 0 | 428
10 35| 0|0 (1765| 0 | 218
1 Tr 0
12 0 | 160
13 0 | 595
Total recovered 47.3 49.2 49.9 51.4 ‘ 51.2 51.0 9831
Recovery (%) | 92 % o7 100 | % 99 99

*Cu and Fe added to columns in 6 N HCl, washed with 40 #¢£ of 6 N HCI and 4N HCI,
and then eluted

ZDfER, Table 3IRT EHIC, INBEEBRTHS S UTHMESDODESTEETS - 7025,
25N LUTOBELBOTREATAETH 7. U LOBELSARFEIT BN TE, #E8E25
B L AWMICERL, BBT5E5IC EREET BOBELRET 3HHE RE L
7o IRICHABFICERT 2700 0BREKE LTI, BEHRICESELBXEZET, LhdbEAT7Iv
a VHOHERELUNTEAEETINER TR EIT L.

Table 4iC 1 N EBEZBOTOMHO BEESUERT S, Hig<y Ay, 2.9 CERR
RO ZPICERETL, 0 BIU 0 DT 57 vV TAL2EEREN, BEERRLERT
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Table 4. Recovery of Cu by 1N HCI*

Number of 10 #/ Microgram$ Cu recovered for indicated amounts of Cu added
fraction 5.2 19 25.8 1§ 51.6 u§
1 0 0 Tr
2 1.8 17.9 30.3
3 3.3 7.6 21.3
4 0 0 0
Total Cu recovered | 5.1 25.5 51.6
Recovery (%) [ 98 99 100

*Cu added to columns in 6N HCI, washed with 40 % of 6 N and 4 N HCl, and then eluted

4) EHOBE HHROEBEMKELTIE, Bradford 59 0 F R iCERLE. T3HB
6 N EBERSEAAT AICNZ, 6N, 4N, 1 NEBE O THT »25EE LR, BEH
OEHRICHETIEINEA Y 200 TH 7 225EL, EBREERRIIEZLLDIC, #E
AIKERELTVWALDEDOSLZBRET S, COBHEIEET, BT 001N BB THESHEED
4% (Table 5).

Table 5. Elution of Zn by 0.001 N HCI*

Number of 10 »f

Micrograms Zn eluted for indicated amounts of Zn added

fraction 10.0 «¢ 50.1 »¢ 100. 3 ¢
1 0 0 0
2 10.0 49.2 8.2
3 0 0 0
4 0 0 0
Total Zn eluted 10.0 49.2 R.2
Recovery (%) 100 E 98 98

*Zn added to columns in 6 N HCI, washed with 40 of 6 N HCI, 4N HCI, 1N HCl and 20 »/

of 1N KCl, and then eluted with 0.001 N HCI
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Table 6. Recovery of Mn, Co, Cu and Zn from Synthetic Sample, added with 20mg Fe (II)

Sample No. 1 Sample No. 2
Element
Mo | Co \ Co | zn Mn Co Cu Zn
Present (u%) 264 5.0 5.1 10.0 1320 20.1 25.8 30.1
Found (%) 262 5.1 5.3 10.3 1333 20.1 25.9 29.2
Recovery (%) 99 102 | 102 103 101 100 100 97

Table 6 KDL PRI I, FREREBOELICHEELL, ENFNOT T v 5 v
ICEBRICA RN, TORBRSEEH IR 99~102 BOHEMER L. EHREMmOTHE
K U TERERICETORERE U, CNREBEOARZEMRICE S O L4l L.

2) +EAEGCIIERER TERORBTROTIEEBIUCLSESFROEM
BRICATEROBELBERML, TOEEELRD . £OREIL Table 7 & Table 8 iR
TEBDTHA.

Table 7. Recovery of Mn, Co, Cu and Zn Added to Aliquots of Tamm's Solution
Extract of a Soil Sample

Mn Co Cua Zn
Element
19/ soil

In aliquot 300 2.15 21.0 16.2
Added to aliquot 132 5.05 12.9 10.0
Total recovered from aliquot 435 7.15 33.8 26.2
Recovered weight of that added to aliquot 135 5.00 12.8 10.0
Recovery (%) 102 l 99 99 100

Table 7{30.2M v2vB 7Y E=v 45K (pH 3.0) ICX 3 HEHNYERAZEL,
450C THOT, BREBEZ1:1EBTERL, r1BESBROEMICETLEDEMEEZRML,
ENEBBEBREELTAAVRBSE LA BEERLALDOTHS. RIMFTHED HEERIZ 99~
102 BOHWHERL, ANSHETREHRELEL.
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Table 8. Recovery of Mn, Co and Cu added to Aliquots of HF-H:SOs Decomposition
of a Soil Sample

Mn Co Cu
Element
24/9 soil

In aliquot 1473 14.3 4.3
Added to aliquot 880 33.6 43.0
Total recovered from aliquot 2340 48.0 86.7
Recovered weight of that added to aliquot 867 33.7 42.4
Recovery (%) 99 100 99

Table 8 R1EZ 7 v (LKEB—HBTOLEL, BRETHEOTERDE SR L L REICET
ROBMmBEMA, 6 N ERAKICL T4 Y BSELIERETH 2. AERICEOTHS
DHBEEBIR U7zhs, iz SOL 13 RCL R A 4 v RHRiigIcRE SN, EHLOTEE
BETEY 2 ThHb. AERIKBOTS §iEe Tamm ZHMHRK BERTE BRELR
L, AOEERLETOBETROSESTEE LTESFRELES C L8 L.

4. EABEORREXECE S

D iy Sy VSERICERR L E L IEHECHER 2 a2 A, BRER O BUEDS
HE2ETHRLTECGEBENE L, BEOEBENZ CTEEOSBICXZLEOFRDES
Lt BIvEBEY KIVERT 3.

2) TN b BT AXODE2EREET VIR ETESICESRZET . glERiZT
BONICEBEFOBAL, Koul ZMATREY: BEL= oY —RIEEY KXDEET
5. KEEICEBa "V OEDIKELTIE, & #, =vin, <viy, FR2UyBIXUIN
TV AREDITERS HD, ROBELLBIESEa SV MCET T 7 v a YHRICERT
BOXTHEELE (1) DATHAY OTELIAEZTRICEBTE S,

3) B SHOEBELLTPIFAISTA AN VEEDY 2 ERB LAY, KETHE
WIRATLHEIL &, <vHYy, arwh, 74%F, =vi, BHBIXU ) I7FVRE TH
5. TNODOFTEDS B, FEIBRHEDPICEEOLBEL LTL 20 Z0EELRET 2.4
BERH B, W0 7 BRI BRMLTEHE LA T3 FERERENTNEL, KE

Table 9. Prevent from Interference of Fe for the Determination of Cu by
Diethyldithiccarbamate Method

Proposed procedure Conventional Procedure
Fe added 50 % citric acid 10 #f 20 % citric acid 10wl
(mg) 0.1% Na-DDTC* 2w/l 0.1% Na-DDTC* 10mf
absorbance
0 0.284 0.285
5 - 0.288
10 0.283 0.291
15 - 0.295
20 0.284 0.296
30 0. 286
40 0.294

*Na-diethyldithiocarbamate



54 Ml KREZEREEEZHHRE HPS

X BBLSBOFERRISWEETITTHS. L LEEHMRSEERICT 288 E&O’E
B10m D 20mg WET BIEANDY, Ll TEHERERBICL - THRETSD, b5
WETR I BEBRTEFEZELILENS S, KAERTHR-R 7 BERERT IHEICON
TH#ET L7chER Table QIWRTEH I/ T VBOBER0BWCHERL, YFrdFTan
NIVEBF MU LAEE 2 KEDTACEICLD, SOLFEZIMMBEETTEELLINT

EHNEEA L7, RBELECLZEAMHENNREEANOEASPPRETZ LS CRZT NS
DTRE S ZRFIITIE O LEND 5.

FEBFREIBMEET VIR ETELC BREEE Lk, AEHES5L O3INERT
MABERL, PRI I C—FEEE LAY T FVIFAANNI VBRLLDERT 3.

4) HEH BAELEBIUCEVTOERTCEREERIE YTV VENSERINTH
37, MBCERELZEL, P oEREECBLASEHIN TV EY., Yryaviti3HED
F&iZ Rush 57, Pratt 5% BIUKF LW Kk - TRE &N, Y7V VvECENTERSHE
I, poEEREBETER TSR EBBEINTVLEDTARERIEBN T Y va vy &
BRALKL. TROLBEITLALDOFTL4BEREEOML B ART7Z R ED, BEEICLD
PHZ85~0.0KAEL, YVavERENAZTERLLT20 5B ICEE 620 mpe THRHKE
FRET S, ABECXABAEZ OBEXERH 30, FLALOTRIAERICHREIN
TVAEDTEBRRESBRNTVWIDLEEZ B,

BEHREBEZHCTLEORREERTE SIEE, FILOL 3 ICHEFORS 4+ Y RBEEEIC X 2
SECREENSS D, TRBENRICTIEAD 7 v WKEB—MBHREIREYTH 3.
CNHDEEEELTHRTLEONEEEZED TEAPHEORA & v AR IR
HITB2FETH 5.

B S

KATEOERICE SR SBEXROHTEEBT 2O OERELREYT 2EBNT, 18
o=y Hy, arwt, SBLICHHOERICERBEEER L 3B/ 4 Y REBESEERELICH
UCBEHEFERT 2 FEERE LcER, ROBERBREOHENCEEBESHLDHEER
B, FE-SRES SEBICHBOLEESETE IR EOREEEF L, BT
NOWBLROEBKESFIATE L LM L. TRISOBEBEDOER2RT.

PR D - 72 #I8 4 7 & (Dowex 1 —X8, 200~400 mesh, 0.9x35¢m) 1T 6 N HEBE
e LemBemzs, PEOSNEBTAT AORESE LR, 6 NEEOW L4NE
El10ml TV HVEZBERTE. < VAVORBBANERE 200 LI NIER IO ThHT 2%
HELCa w2 BERT 5. 290 biH 1 N EE 30w CHESGEREBIERTS. K
WTLINEA VIEK 200l THZ 2%3EE Lict, 0.001N BB 3bnl THEHZBELRTS.

BWBMEICDE, = Vv AVYREBLECH LERPESE L k@ e oRBEICKD, I
NViR=trrY—REHE SREER LTI FNUIFEI AN VEF MY v L—PTE
bR RFRE BHRRY Y VERID ENENRILEER T 5.

AOEEZTBNORETEOERIICAT 2560MESE LT, 2BOREE S5
BEEEETACHDOAN T LOEIDRHEILENERTE 5.
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