Geo-Pol. Sci., Med. Geol. and Urban Geol. 2017 Vol.13, p. 35-39
Short Report: Received 4 July 2016; Accepted 10 Oct. 2017

HWESOLOBEIERESLUVZHELS I v I ANDRZE
BLEFE BRUEBERERERNKXR BEFEFELATE—ELR>EANFMAS

1 KRS T910-8507 fEHTHUR 391 e-mail: atsukof@u-fukui.acjp
2 ARKEFE T920-1192  &RifafEnT
3 ARSI RE: T921-8836  Hy4 rirfiA 1-308

The adsorption of cadmium on the fossil seashell and porous ceramics

— Application of the cadmium adsorption using the porous material —
Atsuko FUKUYAMA !, Teruo HORI *, Masaaki KUZUHARA®, Susumu YONEZAWA !, Masayuki OKUNO 2,

Eiichiro KINOSHITA? and Kazuhisa HASEGAWA®
1: University of Fukui, Fukui 3-9-1, Bunkyo, Fukui City, 910-8507 Japan
2: Kanazawa University, Ishikawa, Kakumamachi, Kanazawa City, 920-1192 Japan

3: Ishikawa Prefectural University, Ishikawa 1-308, Suematsu, Nonoichi City, 921-8836 Japan

Abstract

Adsorption ability of cadmium was for two kinds of fossil seashell N and T, and porous ceramics G which was made from a waste produced
by our dyeing sludge, for the purpose of removing harmful metal ions in the soil. Concentrations of cadmium ions of cadmium solution
containing fossil seashell was monitored every five minutes. The adsorption ability was high in the order of fossil seashell T, fossil seashell N,
and porous ceramics G. The adsorption rate was very rapid every sample and the equilibrium adsorption was obtained in five minutes.
Furthermore, it was confirmed that the adsorption is dependent on temperature. Relatively low adsorption ability of the porous ceramics G

can be due to the acidic pH of the solution.
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BRI ABYREE LT, WAETHIO T 1972 4
WCAEREEINTEAZAAZAHEPMOINTNDEN, ITF
T 2010 FEITERBEE O FH7 CHE L B R Wk Hh-Cmg i 118
WCEDH RIUAREOESWVIERHER SN TS (A
JKEEAR, 2010). [EIBRFEAEIT 2006 4F 7 A ICEBRMHHKE
E 4> Codex Alimentarius Commission 23| @E L7z Ak R
2T LADEHEIEMEM, 0.4 ppm TH D (JEEIED, 2011).
L2y LEWNIZE W T 2011 45 2 A2, AffEEEREO RS
AEEERZNETOIARH RI U LAOERAE[FEN 1.0
ppm Kl & b TEm S RERMBEE o TR, X)
X< 0.4 ppm RIS E Sz (EA 5 E4A, 2011) . 725,
TRED AN FI U LAEHENGWVOITEKH R EH
ENRLL, FLLUNRZNZ ERBERLTWD (M, 2004). 7
R 7 AOBEYEHEH R & LTE, BHKEEN 2 A FO
BRI v AREKBO DO EmEC, itk pH
TR LK E B A PR o E A A R LTV D (RMOKEES,
2011). pH PEEIFER SN DRIV U B2 ET VT Y
B a2 N2 R U L OREY) ~ ORI A 20 R
DNTE, IXREEEH LR SEHE SN TN D
(Escrig and Morel, 1998; Chang et al., 2010; Yong et al., 2010;
Takahashi et al., 2011; JE#(E2>, 2013; KK, 2007) 2%, Fx
WERRICER T BIREBEI N T L &L & AT BRI
HL7. Z0O#AE LT, —2BICE/AITZHTES I

AFHETHDLZ L, ZORIIINE TIT > TE I
FIzBWT, Bk o LEBEREIE & W o LG R AKHE
DHERINTREN DT D (BA)INED, 1989; & 1LIE
7, 2016) . & HIT HAVEAELEN(BE) Y 2013 4FITAT > T EHA R
BRI B bR 2R Lz a~ Y T oRERR T, 3§
FOH RITLAERER, EMEFOAKREREN 0.2~
0.8 ppm (RMOKPEEE M SBEE D, 1977) LU OBE % =~
L, BERIZ X 2RO 5 R 2w DRI HIh 5L A e 78

e, B{LER S FI v AEBEL, HEP~OWIL & 238
DL EHERINE., SOHICEREMZICHT 7201
IR AETE N Z RNV ERH . ARBRTIX, 7P
IV LARBFRIZONT, MHEEXEER)H Vo - N—
E=—BLOAREIERER)ROBLAT, N &, S HITHE
YRR L DWMBEEH & L TR SN D LI EME LR
S/IREERI R RO Y @B IR Z Rt O O L o & L7 4E
tIIvIACEHWTEEM O NI U LREREITD
WA R EZRET .

EEBRAE
fieEk A 4
Bt T o e kXt B b (Table 1- (3)) 1%,
WEF N FRCIRIERE (REFIEH, 1995) X Y £-4E S, 100°C
TIERIRRZR L, 0.5mm LA F OHPRLKIC L CEZ=ERICRE S
NTWBHHD CREEET Y x)L - N—F=—) %
L7z. BbA N © B AR RHE XN 243 B LA (Table 1- (b))
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Table 1 The results of quantitative elemental analysis measured by

wavelength dispersion type fluorescence X-rays.

(@) Fossil seashell T (Angel-Harmony) produced by

Takenaka Sangyo Co., Ltd.

(b) Fossil seashell N produced by Nihonkai Hiryo Co.,

Ltd.

(c) Porous ceramics G diatomaceous earth burning sluge

produced by Komatsu Seiren Co., Ltd.

concentration (Wt%)
(a) Fossil (b) Fossil (c) Porous

seashell T seashell N ceramics G

Al 29 19 9.9
Si 4.2 43 23.1
S 0.3 0.2 —
K 3.6 15 2.9
Ca 75.8 86.4 495
Ti 0.6 — 2.4
vV — — —
Cr 1.2 11 —
Mn 0.4 — 5.7
Fe 9.7 2.6 6.2
Co 0.1 — —
Zn 0.4 1.6 —
Sr 0.3 0.4 0.3
Pb 0.5 — —
Total 100.0 100.0 100.0
— : notdetected

W, SR ETE (AR, 1967, &4, 2015; &FI1F
7, 2016) TEBEINT-M T, EBRFMHE2EXL0, 4
BT ERRIED Y 2 Fgk (90 X 70X 23X 37Tmm) (2 L ¥ Ak
FeL 0.5mm L FOMkRICc L TR L. 28T 3 v
7 A G O/MarEk S i (Tablel- (c) ZILEEZ
o7 A (BERPEEE S Y — B RX) i, RATHEPLHE S
N WA S LTZBR OB RE, MLk, 27 7%,
BHEL, 5 1,0000CTRERL L= VU Y1 7 b (AB)INED
2012) G, 0.5mm LLFOMPBLRIC LCEA L7

EMDILFEH (XRF)

FREHIILSE T RICL, 2Ly FEERL, BERE
AT XRF-1800 %543 A e X MR HT 38 % > TR
MItEDEEEEIIT 21T 72 (Table. 1). & TOEHIC
AN T ANREL GENTND. ZHBEET IV 7 XA GT
1%, LT NERNMLD 2 OOKESTEE (49 %) T,
Kb IZJFER R HICHRT 5 SiEGEIE.

EMDORIREE (SEM)

Table 1 TRLUZZHKRAEIO (@) BELW (b) &, E&M
PSS SEM IC X W B A T o7, EEBBEMEILA
S S-3400N BUZEH L, H—AR T —7 TRBHB 2l E
L7ct%, B — AR 783 L, BT 15 kV TR 21T o7z,
ETOEMITIBNT, EFICLL OMAEHESLALEME
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Fig.1 SEM image of adsorption materials.
(a): Fossil seashell T, (b): Fossil seashell N, (c): Porous
ceramics G (SEM imaging by Komatsu Seiren Co., Ltd.)
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BEM AL THRICLTEDOETEAWE. Hkich R
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D500 FE TS, I 5IZ24 KifM# O LB E~ A
7y hT20 mEEHRL, RT7HAX02 umdDRX
757 4% — (Advantec ! A0O20A025A) Ti%ilE L 7-.
FHEN DTSV T ICP-AES (Perkin Elmer ! Optima
5300DV) #AWVTH FI U AL AU REZGHITL, BER
ZHH L. RFH711300 W, #BHI& 15.0, 77 X~ #H
fith 1), 228.02 nm DR DN AV, BHIEIL 3 BIfK
L2 A L7z,

HREBR

BIEWMBEMIC & DREREIF
KFEWEM~DH K I 7 AOWEFREMBEE Fig2 12,
B EME % Table 2 1278 L7z, WA #hfRI% 30°C, 407C,
S0CDIRESMRNC, I RI v AWEREZ T2y LT
e (oW B, BRINIC 5 4372 5 50 4%, 24 B DR Z2oRd .
ETOEMITIBO TIN5 FHICEIRNO T R I 7 AR
DEABIZED U, B ~OBREEN EH Uiz WEIL#H <,
10 SRR TSI RIS EE LT, RS LM B~
WA R IR IS Z LTz i< mbiiTngd (b
#K, 1965; Weisz and Prater, 1954) . {iE SR Ci, 50°CT
To7BAbE TOREEPRBRKEZWEEZ R LK. 40CT
Tol-WEREIIEbA T & Bk N 2NZIER Ul R
L7272y, &ToRETHEILA T A &KT, KICAE/H N,
ZIBEETI v A G OJAFTHRAE LT W & 2R
L7z.
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Table 2 Amount of adsorbed Cadmium at each adsorption

time measured by ICP-AES method. g
30°C (mg/s) 8
. time (minute) | concentration (T) | concentration (IN) | concentration (G) 2
Omin 0.000 0.000 0.000 g
Smin 0.739 0.672 0.467 5
10min 0.638 0.635 0.513
15min 0.821 0.677 0.526
20min 0.856 0.639 0.530 %
25min 0.734 0.687 0.535 %
30min 0.856 0.643 0.536 2
35min 0.744 0.750 0.543 %
40min 0.757 0.702 0.531 E
45min 0.757 0.702 0.531 ;
50min 0.757 0.702 0.531
24h 0.888 0.928 0.641
40°C (mg'g) 2
__ time (minute) M () ion (G) £
(Omin 0.000 0.000 0.000 E
Smin 0952 0.936 0.461 %
10min 0.948 0.838 0.516 E
15min 0.945 0.962 0.530 :gz
20min 0.942 0.940 0.538
25min 0.873 0.869 0.536
30min 0.882 0.903 0.533
35min 0.872 0.850 0.546
40min 0911 0.881 0.545
45min 0911 0.881 0.545
50min 0911 0.881 0.545
B 24h 0.969 0.984 0.677
50°C (mg/g)
___time (minute) | concentration (T) [ concentration (N} | concentration (G)
Omin 0.000 0.000 0.000
Smin 0.995 0.643 0.420
1 0min 0976 0.651 0.551
15min 0945 0.661 0517
20min 0.995 0.738 0.551
25min 0.946 0.703 0.541
30min 0.970 0.689 0.549
35min 0.945 0.676 0.558
40min 0.942 0.695 0.571
45min 0.942 0.695 0.571
50min 0.942 0.695 0.571
24h 0.963 0.987 0.698

%H%ommuTK%#<wwttwfyﬁ@ﬁk%<&
ML VIELS /2D Z AR S5, Takahashi & (2011)
BLOEOMOIFLE © OKFF, 2007 ; J#3E1EH>, 2011, 2013)
MAHXFETH RI T LARECTELEBREENRT L IICK
e CHWERBEMIZOWT S ERY DI N T LR RS
B LT TWnWDH EBEZLND.

%7 R E KT
WS RI RIS X 0 0 K20 A0 i 35 B IR R K
TFEHERHY T, GIZOWTIELEIERE, WELH W L2
FL7. &I T Fig3 (VMR AE &O T E A IREICR L
TFuy bL7z B{EA T TIRS0CTIFEETOA FI ¥
LEAE L2 B{E A NI 50°C TRERE N ME T L, 4L
BEI7Iv7A GIEH0CTHRLENSTZHDODETDIHR
JETHAERMEN D &R I, RIS, WS I ER

0.00

1.00
0.80
0.60
0.40
0.20

E¥R

40min 45min 50min  24h

5min  10min 15min 20min 25min 30min 35min

Time

Omin

000 o L L L L L |

1.00

e 2 o 9
N OB @ D
S o © o

0.00 W

15min 20min 25min 30min 35min 40min 45min 50min  24h

Time

Omin  5min  10min

50°C

o s e e, Atenennns Areeennny Areeeeee YYRTToTS P A7

— — === - — = -~ B
R - -——-a ~

Omin  5min  10min 15min 20min 25min 30min 35min 40min 45min 50min  24h

Time

Fig. 2 Adsorption curve of Cadmium on adsorption materials. T: Fossil

seashell T, N: Fossil seashell N, G: Porous ceramics G
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Fig. 3 Temperature dependence of equilibrium Cadmium adsorption on

materials. T: Fossil seashell T, N: Fossil seashell N, G: Porous

ceramics G
G TdH % (Johu, 1961) Z &ML <, VS &I KR IZ

Fri<7esn. UL, MR BE~DWE TITWEE b %
<HE SN TS (De Boer, 1957; Johu, 1961) = & 75,
AWFFETO T, G RIFWBAEEEZEZ OGNS, Zhizon
TIEE R L0 7R EE R 2 T, BN U5 Cff
W20l H 5.

pH %1k

WL pH IIKTFT 2 2 £ 8% < UMARIEA, 2004), &
BIOAFFRIZ I T BIRERNC K25 R O pH 21k % JE
L7z iR % Figd (R, pHIZ—#8, FEfE & HIcAB L
TWDHR, ZHEEERE AV Tnnizd L Bbohs.
AP KD -T2 S BEET I v 7 A GO pH OHRBREL
IR BB R AT Z B L72.30C o 40 431% Tl pH 2
ZRL, TOBHFRpHA £ETLER Lz, ZHITREEO ATHE
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Fig. 4 pH change of adsorption solution at 30°C(top) and 40°C
(below).
T: Fossil seashell T, N: Fossil seashell N, G: Porous ceramics
G.

P H B0, oKW pH TREERET &ML 2o T
WDHZERHLNTHD. LN ->T pH 2 LIFHZ LI
FOVSHEEII v I AGOHAEL I RI v LZWAETD
AREMER S D EERD.

WEEBICDINT

AFgeciL, BiEAIC20WTlE, THENL I RI T AA
AraEESWEL, PTH TIZOWTIZS0CTHRTOIFIE
2T (90%) OO RI VLA T U PREINDZ L ERH
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DA (M2IEA, 1987) O LS, ZThbOWEMDE
HoyCTH DAL A (FIZCaCO3 D EHEZBND) N
WAERERE L /> TS Z ENTRTES.

BT EICWEWE N, 1) BEMETIAT L ITAD
At rECE (Henry B1), 2) —E DR FE o T2 JBIFHIZ R E X
#1% Langmuir B, 3) ZJ@Wa5 45 Freundlich Z1<%° BET
WERIN S DS, RO & 5 RBEM OBEIXERMS T
HDORMEIIN T T LOFERBRRE~DT NI T AL F
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U IMEBEMNAKPTHEL, ZIICH RI U AL TR
BENICWET 2B LEZOND. ZNHEHLNITD
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HriZ B W TR R FPE R SR, SEM BRIV T
EiPNE= TSR S AN Al =¢ =AYl el A el SR 5 1 A o N
PEXAEIEZFT > TV Wiz, Bl miEREHc >V Tt
ik 2K - WA RIS IWE72nw=, 72, &
BN, HRSEREE L L EAETE O OIE, A4
RIHME R W2 Wiz, UL EOERERIZ L) BIEEGEHR L B
5.

51 FSCEK

Chang Oh Hong, Sang Yoon Kim, Jessie Gutierrez, Vance N.
Owens and Pil Joo Kim, 2010, Comparison of oyster shell
and calcium hydroxide as liming materials for immobilizing
cadmium in upland soil. Biology and Fertility of Soils, \Vol.46,
491-498.

De Boer, J. H., 1957, 50 Endothermic Chemisorption and
Catalysis. Advances in Catalysis, Vol.9, 472-480.

Escrig, I. and Morell, 1., 1998, Effect of calcium on the soil
adsorption of cadmium and zinc in some Spanish sandy soils.

fEILEA - BR)IFIA - BEFIESE - R FR—HL - GHRERE
2016, HAEICI T D 7 1~ ~OHUIEE &R O i %)
BRI Z 2 BEERARR, BRENTARE, BEORE L
FAb-S RN BRI 20 FRIEOMRE LRIZHED L&
B - BATATJE R REERE, HEMRAL - BTACEHTZERT, NPO ik
N A RBE I 2, 32-39.

RARNIFIA - 51 H 21, 1989, dLperE BAbA DORRGICH T 5
B, A A AR E 2 MERE, 60 %, 283-289.

il B FEEL - LR B BIRAK - BRI, 1986,
BREE S VYT AOFERANC X D EAR L OIS, B 6l
NI Ry TR B Y5, 78-86



i g

Water, Air and Soil Pollution, Vol.105, 507-520.

A BGE - REPFNZE - FefRinr =2 - ZEERRIK - BESE R, 2016,
H A IS IR 38T D T T i o SRR 8 Hh i &k
2 EAEBRE~ O & LR NI TSR D K5
JEPERREN Y BEDO M 208 U C. B HERE, 122 &,
193-206.

AFFNEE, 2007, # %M AL DEROH R I T LWL
il — BB OFE R & P ORI RI U A—.
AR HEIER A 54, 55 53 48, 161.

JENEEE— - PAELR - AR - BRERE - &HAX -
EFEA - KT - BAR)IFIA, 2012, Yot RFIGIR O
RaHaEmolcE bRt I v 7 AL ALED
BH%E. HARKHME Y268, 37 %, 375, 433-436.

ANARIE SR, 1965, Bl oo T 2A0RRE, T30 2RHERE, 6
68 &, 515, 21-26.

AN - PERE— - TRE 3, 2004, [RERI VST KD
2 MEA A A > DWEEE). 538k, 53 %, 101-107.

AT @A, 2011, &Mool B I U L oS ETE,
http://www.mhlw.go.jp/topics/bukyoku/iyaku/syoku-anzen/ca
dmium/kikakukijun.html (2015 45 H 15 H %)

B, 1967, dbpEHiTED BALAMERICON T, 4R
EfR R AT, 42-5.

BMOKERM S ERER, 1977, O ELRE RICH
T 57 —Z&EHk. 3. W NI UL (Cd). BRI, M7
Brib A B BT R JEFT, 26-61. http://www.niaes.affrc.
go.jp/techdoc/hvymetal/3cadmium.pdf (2015 4 5 A 15 H
50

EMOKER, 2010, = ADH Ko LSBT 2 HH K,
R D HHE D15 YLBh 1L I BT D IEMHIC D < xR
DR AL 22 FEEE BREIETRY) . 2010. http://www.
maff.go.jp/j/syouan/nouan/kome/k_cd/kaisetu/gaiyo3/ (2015
45 H 15 HR%)

E¥R

BEMOKEER, 2011, 2 AHOH KU AREKEO O
Fhfadt. http://www.maff.go.jp/j/syouan/nouan/kome/k_cd/
pdf/cd_shishin_rice1127.pdf (2015 4£5 H 15 ARE)

Ok, Y. S,, Oh, S. E., Ahmad, M., Hyun, S., Kim, K. R., Moon, D.
H., Lee, S. S., Lim, K. J.,, Jeon, W. T. and Yang, J. E., 2010,
Effects of natural and calcined oyster shells on Cd and Pb
immobilization in contaminated soils. Environmental Earth
Sciences, \Vol.61, 1301-1308.

Takahashi H., Aoyama Y., Kikuchi N., and Kawai S., 2011,
Evaluation for Suppressive Effects of Additives on Cadmium
Uptake of Komatsuna Grown in Cadmium-contaminated Soil.
Environmental Science, Vol. 24, 23-34.

MEBTE—RR - FER V6 - KRN, 2011, 77T TR

NIV A, FUTFoHA, FyXY) OAF, IR

U LB O HMES BTN RAE S ke H o %)
R—Cd BN E W= B8R v FRBR—. W R
FROEL, 7%, 17-24.

FEEIE—RR - B[ Ve - WH ¥ - KRR, 2013, %R
WEHBLOREHOAEET LN RI v AR KIET
HXBRMAOBRE-—RE=AEELEZA N EH ARy b
AR —. MBI, 9B, 63-69.

Weisz, P. B. and Prater, C.D., 1954, Interpretation of
Measurements in Experimental Catalysis . Advances in
Catalysis, \Vol.6, 143-196.

R - WS - R R, 1995, WS N TPETRIRE
@ & AERTSE ) 7 N T = RE. ARV 5 102 4R
P RES RARITENZE, 118-131.

HAPRRS, 2015, & bW B I8 oo 851 g RE
Swiftopecten swiftii (Bernardi, 1858) D& BIAZEH4 25 —
SEDOREES. AN YR 164 FIF& T R4, 55.
http://www.palaeo-soc-japan.jp/events/164_2015.pdf

39



