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P-Adsorption of the Volcanic Ash Soil

——Effects of pH and of the Concentration of PO, in the
added P Solution on the Amounts of P adsorbed—

Nobufumi MivAucHr and Atsuhiro NAKANO
(Laboratory of Soils)
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Table 1. Amounts of P added to the sample
Conc. of the added solution. PO, mM

10 | 2 ‘ 40 ] 100 | 500

- e — ' - . - ,“ -
1-st treat. ; 3,55 | 7,100 | 14,200 | 35500 | 177,500
Total 14, 200 28, 400 ! 56,800 | 71~?82 £00 | 177,500

(times) @ } S 1 @ Ty W
(mg P,0,/100g sample)

Al SOCHUET % . 24 I RE RO BEC & D IR % 31

TDX 57—k pH FIMED ) VRIS %2 10~500
mM \TEE Uiz, {EkROTE ) CIRENER:, Kurz
22, OLSEN and WATANABE® DJii:) Tlx, »75h
THBERK AN EUT Y, BIENRImE LA S
<, FEREDY VBERIET I A, U O
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A AL ) T/?@ﬂﬁ{f RIS s TREd 5%
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(a) Fv EEOFE

pH 4,5, TOWRMIY ARk 72 {8 L7z, pH 4 O
WILREB E LT IN, pH STERTIE 005N Tsh k
TR — AR — R e L LT pH T O
WLy L ERTANE 2 NaOH TH L CaBlLTz. b
P pH OWRIED ) VEEIE & LT 10mM > 5 500
mM OBERFWHT 753 X ST IEY VR NI THELL
7.

(b) &¥tEY ‘/@oﬂim

50 ml AR O HEE W RELAR Leg 24800, ™Y

LRI SOml %A, ﬂf&’ﬂxt 5 U7Zshs s 30°C filiki

Bro 4 EU GRS 96 IR0 atiesuil 2 1575 - 7o
Rk 5, W OBFTEBRD X 5 —[EE T o0
Mot & 2 OEEONHEIE D A0 pH D> 5 i %2 ik
WAL ERBIITIDUTHS.

LR RO i TR & EDS B B,
T INA 5B Y LR O xR
Table 1 DL HiT75 5.

7235, pH 4 Oy — XTIk
6 77 )1 MR AT 30°C T
Frik R 1.

(e) UVBREs0RE

e O ISR D ) g% Molybdate yellow
R IR THADE T U, R D> 5 DD % i 8T
5UVMWﬁMLwaﬁ-WﬁMﬁ,UVw&®W
M, skl 100 g Y4 D O PoOs mg {THEY L TE
DU WIS OWRT O, 2O pH,
BT NIRRTt & U

BRELUER

Table 2, 31 pH 4 1T3313 3 BigkumisEk s L o

AR CALELRED 120 T OWG HBROOR % %

D i 5 A D

T iR LIS, BT
s [IERRE L Tl

NFNURT . iR Table 4, 5 pH 5iTi1F A%
bt & SLAOEL, Table 6, 7 i< pH 7 iTH5 1 5 gk

Eilw SR AT SIS TRy phcal
pH 4 T % BP0 i DT o I 45 1l

Table 2. P adsorption data for defferated material pH 4

B Amounts of P adsorbed mg PZO5/IOOg sample (oven d1y)
PO, mM 1st \ ard \ ath | Total
- B - ‘ — - SRR S — S
10 3, 420 1,700 (5,120) 630 (5, 750) \ 220 (5,970) \ 59, 70
20 5,180 1, 270 (6, 450) 430 (6,880) | 140 (7,020) ! 7,020
40 6,610 | 1,050 (7, 660) 380 (8, 040) i 80 (8, 120) 8, 120
100 9, 160 ‘ 290 (9 450) \ 0 i — 9, 450
500 9,770 | — | — 9,770

():

integrated amount




KK L@ o v vy 145
Table 3. P adsorption data for original material at pH 4
\\\ ;;;; l Amounts of P adsorbed mg ons/loog sample Coven-dry)
~—_ . . R T ‘ R B
PO || e e [ Tow
10 3, 650 | 1. 710 (b 560) ’ 810 (6,170) i 390 (6, 560) ] 6, 560
20 5, 420 1,650 (7,070) | 700 (7,770) = 320 (8,090) | 8, 090
40 C 7,810 1,420 (8,730) | 730 (9, 460) | 270 (9,730) | 9,730
100 [ 11, 040 i 1, 430(12, 470) ‘ 530(13, 000) ‘ 0 l 13,000
500 17,450 0 — — P 17,450
(C ) ¢ integrated amounts
Table 4. P adsorption data for deterrated material at pH 5
T { Amounts of P adsorbed mg PZO /100g sample (oven d1y)
PO.mM - J 15t ! 2nd r 3rd | ath Total
10 L 2,760 | 1,320 (4,080) | 470 (4,550) | 110 (4,660) | 4,660
20 3,670 | 1,100 (4,770) f 330 (5, 100) 0 : 5,100
50 ‘ 5, 580 1, 000 (6, 580) ‘ 120 (6, 700) | 0 ‘ 6, 700
100 | 5,760 1,190 (6,950) | 391 (7,340) ‘ 0 L 7,340
200 7,280 | 390 (7, 640) f _ ‘ — ‘ 7, 640
( DI integrated amounts
Table 5. P adsorption data for original material at pH 5
Amounts of P adsorbed on mg/lOOg sample (oven dry)
PO,mM Ist ’ 2nd { 3rd ‘ 4-th | Total
i i
e AU B I . S R R
10 3, 160 l 1, uOO (4 460) 530 (4 990) 4 170 (5 160) ’ 5, 160
20 4,270 I 1,310 (5,580) 490 (6, 070) | l 100 C6 170) | 6,170
50 6, 540 J 1, 350 (7,890) | 430 (8, 320) | ! 8, 320
100 7,990 I 2,220010, 210) ; 59010, 800) | 0 ‘ 10, 800
|
200 9, 650 ‘ 2,330(11, 980) ‘ 840(12, 820) f 0 i 12, 820
- e | . R !
C ) : integrated amounts
Table 6. P adsorption data for defferated material near pH 7
. 1st 2nd ard J 4th | Total
PO, mM > | P adsorbed ;eq.pH Padsmbed ‘eq pH P adsorbed !eq.pH Padsorbed ‘eq pH P adsorbed
o ~ — N —
10 710 | 8.77 | s00(1, 210) | 8.08 3601, 570) | 7.68 \ 2901, 860 \ 7.41 1, 860
20 1, 400 8.38 | 720(2, 120) | 7.59 380(2, 500) | 7.30 240(2,740) | 7.16 2,740
40 2,230 7.82 | 840(3,070) | 7.27 210(3,280) | 7. 15 190(3, 470) | 7.09 ! 3, 470
80 2,670 7.48 | 680(3,350) | 7.20 | 230(3, 580) ! 7.12 — . 3, 580
100 3,150 | 7.52 | 520(3,670) | 7.17 o |z - - 3,670
200 4,100 | 7.30 | 0 7.09 0 | 7.06 — L - 4,100
500 4,520 | 7.17 [ 0 7.03 — — — ‘ — 4,520
—_—— — i

( )
eq. pH

* P 05 mg/lOOg sample (oven-dry)
integrated amounts
: equilibrium pH
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Table 7. P adsorption data for original material near pH 7

‘ | [
l 1st ! 2nd | ard 4th " Total
| I Al P adsorbed
PO.mM "~ \P adsorbed eq pH\ P adsorbcd eq pH P adsorbed eq 17H P adsorbed eq pH\
10 ? 2, 090 } 7. 43 ! 400(2 490) 7 21 \ 170( 660) 7. ]3 12002, 780) 7. 08 2,780
20 ‘; 2,670 | 7.26 ‘ 500(3, 170) ‘ 7.13 ‘ 120(3,290) « 7.09 | 120(3, 410) | 7.04 3,410
40 3,440 | 7.16 | 480(3,920) | 7.08 1 0 - 7.07 0 7,041 3,920
80 | 4,240 l 7.08 | 130(4,370) 7,07 0 | 7.06 — | — ! 4, 370
100 4,490 | 7.14 o 709 o |7.08 — — 1 4,490
200 | 5400 |7.10 o 70— = — — | 5,400
500 8,460 | 7.05 0 7,02 | — = — — | 8,460
O O P—. ! PR i [ S R i R
* 205 mg/100g sample (oven dry)
C ) : integrated amounts
eq. pH : equilibrium pH
Table 8. P adsorption in the low PO, conc. range with the added
soln. of 10mM PO, for the deferrated material at pH 4.
% P adsorbed, P in soln.,* | Equilibrium
: mgP 05/100g sample(alr dry) ‘ mg P05 I conc., PO, mM
1st | 3100 | | 450 | 1. 267
— ‘ - - R - S .
1 1,540 : 2,010 ‘ 5. 66
2nd (4,640)
| 570 | 2,980 | 8. 40
drd | (5,210 |
| 200 i ! 3, 350 | 9.43
4th ‘ (5, 410) ‘
( ) : integrated amount

% Pach treatment (50 ml of 10 mM PO, soln. to 1g sample) means addition
of 3550mg P,O; to 100g air-dried sample. Non-adsorbed P was calculated
in this way.

(Table 2) ZHptLCHD &, 10mM ) REHO Y DU SRR G, BRI D TREILD DTHD
Y — G, Anlifgie Table 1 @R ULICk ST »5, Fig. 1 Offifr} JL&MLJ; IS > THN
el 100 g 1 U 3550 mg > P.Os BIRINE LI SEISNEZA BN, BEETIC, 20mM Y BN
Lizrs AL o> 3420 mg P,0s/100 g WxT (i O[T DM U VRIS (6. 8T mM ) &Iyt
WAkl LTk 3100 mg/100 g) & 5 B, it (4690 mg/100 g) % iy . T O—HiDEGHE
DT BTN 351 5 B0 0 P IR 5k % 5T S TR T 5285, T OWyii: FrReUNDLICH RIE AT
. LI 4 [ C oMM TR RUIEE L, 4TS LIS L, FIEINSD OUTEREHTISIT 5 )
1k 220 mg/100 g & T DRLE T ORIFIBAT I S HELT, 0.4~10mM DH T WY VIR F Y T A
DELD BT A SV TRIYEDIRINE O v OB g4 2 Ve, i 3mM) 2
FUTHER 755 EBA LA 755, T 10mM &) TSNz F — 2 DL 5T, SO F Ui
— TR 100 g i 14,200 mg P2Os Y L8 BT Afgsns. ULl Table 2 @ 10~500
WnEAL, 55 5970mg BT INTI T LTS mM RINE T O SRS TIF O ) FRRLE

Table 8 (D 10 mM LY — Z O RLIE D W T DUV T m@zmmfm & (Fig. 2), {LEzéé
A A PSR U IR IR R, SRR JERE T O R (Fig. 1) &S00/ h, LANGMUIR
W e OB E, BRI T ) L RIEIE R & TR BIOWAHCITL 785 T EMD B TOL HTVHE

U 7208 Fig. | Tdhs. AN WG & 1l JE 10 mM L E T OERLE TOUERTOT CIEBLS %
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Table 9. Estimated amounts of P adsorbed by the free (Fe, AD
compounds (8.81¢) in 100 g sample

mg P205
PO M | ! ‘ \
. 10 20 40 | 80 100 200 500
pH | f | | -
4 { 1,120 ; 1, 690 2,330 { — 4380 — é 8, 540
] 2,210 | |
5 | 910 J 1,520 somMy | T | 3,460 5, 850 —
7 L1,080 910 760 | 1,110 | 1,140 1, 660 4, 340
| | | :
. BED G 21X EREZ BB D 5. 3 BICEn
n1000 Oviginal )o,oa/‘/ FETH, WMtk 7ov s ORI, Fig. 905 8 %
. 12, pPH 4 1TH517 % 6 # )1 OW st O#-A (Table
i 10, Fig. 100 ONI»S &, Iswc®inL, vu o
;w'/ \ophanic 91, 19 . = VI L AW E D A RX 2B T ENTPAY
< |1 a8 — N2%. CNBDTEND, Mk, 7 Lk
= s e 5 Y URITEINCIE, T 0 7 2 L P TR S h
{ e ISR DU R A SRl AN IV ANY 1y LA
l;-" TWHWa L slibh s, F25bbh, 7oy il b
S T en e, DI FOSMRIEAY S B A 5%
PO m)
g, TN BT, Loy VIHETHE A
Fig. 9. Estimated amounts of P adsorbed

at pH 4 by the free (Fe, Al) com-
pounds.

ALETIREDYH 24 ¢ AT e » b Tx, Fr-
EUNDLICH X3 H Tz EA L300 A LS. I bty
EDY VBRK 2 TRINT 5 T &k h RERORIN T
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HAFBRG T, WE EOWSELE S DTHOD %
EET AL B
M%MEK;5%WE%ﬁ@EmH@8xlw
IR EEEMERE, TV S REALL, EHEMIT Id
MOy o BEEREL 7 07 o LAY E TR, T3
W&k BBEDEBRIEE A0, R 100g 24 b
DY CRERFTRIT D B ISR, 7o s R
ZEtET 5 & Table 9 12/2%. Tk pH 4 ORIG
RIEODWTHRLIZDP, Fig. 9 Ths. L5HA
AT, IS WRERE, T SR LY (o
Tl AETITAN) pEEE, MTLICHHM T %
DL TNT, TOX D MBI H T 5 DHEEIT
B 217705 OIIERETIZ/ZVTUT S, Wwlsk, 7
W DRTERE % — LRI T &R S 5.
C DHEEMED &, KINKTBDORT A2y Bl
HEIL, ZOHRAEYDS, WlEsk, 7otk i o
Thbh, 20707« EYOEBHFCHT SRS,

5 AV THIZ KRG WA O/ ) &5
RS, Z ORI ORI FFHT, 1004 b
EAETTL,  MEAPEMD (RERiTid 7z & 208 variscite
Al (OH).H,PO,, strengite Fe (OH),H,PO, 73 &)
DRI ST AL IR L DD 2 & IRET X
%.b#bit,Mﬂ%MﬁM%831g®ﬁiUv
R RDS, pH 4, 500mM G 8, 540 mg P,0;

WUTED, sk sics s u@ﬂmwmwbvﬁét

ITh5. BRSO, @it 8, 7 or
DN TS 0T mf%%ﬁ 8.81g 4T

Alzos EHGEL, Al/P BT 1 O bam%2 ZA S
» Wi v i, #9 12,300 mg P,Os, RS
ﬂ@%i%t%4]%mg?ﬁ5uFbm%bam&
SHAT &, ZROBF RN D 5 125500058
W b 5. W, R EIRoO ROGEFTE & 3
o il 5 DI L 2 PR —12 & A1d Ho PO,
A4 20 PANETH-FAIANS O BIHID 1< 5 FE 10 2%
X DI PRI ORI b T - T A T REREAS
HHEILIBNOBENH B b 2.

REET DWTO KD ) L Wi BT, 20
isotherm %5 FREUNDLICH 3$ITHif 5 &3 5 3 (1 &
Z4¥ Kurz et al.?, Low and Brack”), LANGMUIR
FUTRE S &35 3 (OLSEN and WATANABE®) H3dh
B0, TNSITEY VD X by TERNEHTO
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Table 10. P adsorption for non-and deferrated materials after 6 months.

mg P,0,/100g sample (oven-dry)

10 mM

' . 2,160
Deferrated material | (8, 130)
. 2,960
Original material (9 520)

1000 —o—Original (100g)
90l -=--Deferrated (91.19g)
—+—Free Fe, Al (8.81g) | R
15 - o

C (mM PO

Fig. 10. Increases of the amounts of P

adsorbed by free (Fe, Al) compo-
unds.

A denotes the amounts obtained by previous
experiment (within 96 hours) and B the
sum of A - (adsorbed P during 6 months).

HRT, DOEOK LK BT OWTZ O /iU
TEZDCERXTERN. AR - HIFY 13, ORI
2 X, BHIKGLK AR % FAWEEZ 28 01T K%
0, ) TRV RS PR O IR D ) BRIEH
10, 000 ppm P PI =T %, FREUNDLICH It 5 &R
LTS . BRI - i - S &, RS ) UTRIA

W& DGR, BESITIR BRI Is ) A MG & Thik
BYBIT 350T B RO ST TE A, BN Y ~
R CEIN ENTHR T A G, BE ISR TR

283 2 s & UKBR 21T/ - T A . aFBe i
O EUT, gy I8 £k 3mM £TT,

C ) Sum of the amoumg of P adsorbcd

|
20 mM ‘ 40 mM i 100 mM
2600 | 3o | 3,000
(Gl60) | (L2100 | (11,450)
4170, 500 | 5870
(12260)  (14800) | (18,870

Fig. 1 1B iR % 14, e STERIOBESY
TWEREA TV S & UTRERFRIINTY U
A R (R ETFA TN D) BT
e UTHER LTz AT, Y VIRA 4 v (D PANETH-
FaJaNs OEANT & A WER0 15 25y TR 037753
NTOD LML, TOREHRD S BRTEB L0 La-
NGMUIR 3012 D ) BRI 2 R T s . U
LT OL 5 7T EIR DIE DA H1EL T, ”Wl
Wriae (hik 327mg P/100 ) 13, ATEROFHED
5 TS T MT I‘ﬁhii)l TWhEbls L, ?ﬁf:
WaDA® DV 0 7 1« L ITE A Y L OF—EE LY

b A i i 210~520 m mol P/100 g (24 nger,]m
W) EW 5%, AoMiNe and YOSHINAGA® (TX
7 LK A BT o T O 307~402m mol/100g &
5 ) VEBIREEREDML  H DUV RO OfDT a7
= v O E 7V 5 DRI L 2 HE» S5 5 DL
EMHESI AL S, ETEMSY 1k, thEE s
1T % K & UTTOR IS EE T DU %, FREUNDLICH
W AN TH > T BDS, WBBEORIRRE21E-

X b EWRNIT X o TV B VEEIRBEE OAIRYEIT
BEMIDS D 2 & ot s .

ARIRORED S, KK ABEO ) SRR &
LRy 5N AL, Y S EYE 100 mM FRET
T2l O‘JLﬁ-ﬁ)TJF}PUZ’% Lo THEkiT AT R T 2 v
TUNT X AU E, P E & BIHIINT S, IKERIL
Bk, 7OV LAY E OIS ST X DRI A BT
2%, A INTHDLN TV 3IDEFALD.

C ORI (24~96 BERY) 1230V TR aN 5
WL RO, 2 O IS Rl 5 & E D & itk
i LT %, pH 4Dy ) =X 2HINT,
6 7)1 aging HOWERO L HHBELL S & U
7-. Table 10, Fig. 10 it % 0)%,‘;51753}]&3“ 7%, i
FELE LRI OB, XERETIC W TGRS
WHENETc. Ta T LEYTIX, 6 7/ aging
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Summary

P-adsorption of a volcanic ash soil (Buried B-horizon from Chiran, Kagoshima) was inves-
tigated in the equivalent concentration range of 10 to 500 mM POy, using the medium of pH 4
and 5, beffered with acetate and, the medium of pH 7.

The adsorption for deferrated material was near the completion, with the concentration of
more than 100 mM PO, and its adsorption curve was observed to be conformed to the LANGMUIR
isotherm. Phosphorus was supposed to be adsorbed at the adsorption site, forming one-
molecular layer on the surface of allophanic material; while the adsorption curve of non-
deferrated material followed rather the FREUNDLICH isotherm.

The amount of PO, adsorbed by the free Fe- and Al-compounds, estimated from the data
with non- and deferrated-materials, was found to be increasing with PO,-conceniration and,
even at 500mM, the amount seemed to be far from saturation. It was suggested that the
adsorption of PO, by the free Fe and Al hydroxide occurred in a somewhat different way from
that by allophanic material. In the case of the Fe, Al hydroxide, the ‘‘adsorption” of PO,
might be followed by the “ precipitation ”’ of A} and/or Fe phosphate as difficulty soluble
compounds in the slow-forming of the discrete phase of the phosphate.

Thus the P adsorption figure represented for volcanic ash soils may involve two different
kinds of adsorption, caused by allophane and free Fe and Al compounds existing in the soils.

The pH of the reaction system also exerted a great influence upon the adsorption: the
adsorbed P-amount decreased with increasing pH. This might be attributed mainly to the

properties of adsorbent.




