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Soil, Clay and Minerals on Metals Contaminated Groundwater and Soil
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Abstract

Soil, mineral and clay become recognized as the source of pollution on groundwater and soil contamination at one time or
another. Admittedly, groundwater contamination shall be deemed an event related closely to soil contamination, leaching
hazardous substances to groundwater. And, the soil containing minerals with naturally-occurring heavy metals often
contaminates soil and groundwater with artificial construction such as tunnel excavation. Sulfide minerals such as pyrite and
arsenopyrite are thought to be the most likely causative substances of naturally-occurring soil contamination with heavy
metals, occasionally leach heavy metals and make soil acidification after oxidizing by air and microbial activity. And then,
contaminated soils with naturally-occurring heavy metals are identified into 3 classes and 2 leaching types with disposition
about leaching of heavy metals and pH change. On the one hand minerals and soils are cause of contamination, but on the
other hand minerals kindred class of clay are environmentalfriendly materials to countermeasure of groundwater and soil
contamination. There are mainly classed 8 types, clay minerals like smectite, allophane, zeolite, aluminum minerals, iron
minerals, minerals containing calcium or magnesium, cement minerals and layered double hydroxide. The countermeasure
technique such as immobilization and permeable adsorption layer using their minerals comes into wide use with acceptance.
However, the countermeasure material was occasionally seen as ineffective against the contaminated substance from a lack of
the comprehension about interaction mechanism between heavy metals and minerals, even if it is not used in effectual condition
on the soil contamination site at that time. Therefore the activity for understanding to mineral interaction becomes recently
promoted to get rid of such a blundering trouble.
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Fig.l Pathway of hazardous substances from contaminated
soil to human and environment” (modified).
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Table 1 Quality standards for designated hazardous

substances®”.
Criteria
Class Substances Leachate standards Concentration standards
(mg/) (mg/kg)
Carbon tetrachloride <0.002 -
1,2-dichloroethane <0.004
1,1-dichloroethylene <0.02
Cis-1,2-dichloroethylene <0.04
Class I 1,3-dichloropropene <0.002
vOC Dichloromethane <0.02
Tetrachloroethylene <0.01
1,1,1-trichloroethane <1
1,1,2-trichloroethane <0.006
Trichlorethylene <0.03
Benzene <0.01 -
Cadmium [Cd] <0.01 <150
Chromium hexavalent [Cr(VI)] <0.05 <250
Cyanogen [CN] not detectable ( free<c;:?ni de)
Class 1T < 00005
Mercury [Hg] (and alkyl mercury <15
Heavy
Metals not detectable)
Selenium <0.01 <150
Lead [Pb] <0.01 <150
Arsenic [As] <0.01 <150
Fluoride [F] <038 < 4,000
Boron [B] <1 <4,000
Simazine <0.003 -
Class I1I Thiobencarb <0.02
Agri- Thiuram <0.006
chemicals  Polychlorinated biphenyl not detectable
Organic phosphorus not detectable

7R HEEHEREOHEIZETH T RERICELT
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Table 2 The view of extraction tests for risk assessment of metal contaminated soil®™?.,
Category Method Procedure Assumed condition Target
. o Determination of leaching
Leaching test Shaking 50 soil (air-dry) added to Contact of soil and groundwater.  standard.
. 500ml water for 6 hours. g .

Official (as indirect risk)
Method Shaking 6g soil (air-dry) added to . . . Determination of content

Content test 200ml 1mol/l1 HCI (carbonate solution aCc()igt{anctsfofnl;%;sted soil and gastric standard.

in the case of Cr(VI)) for 2 hours. i (as direct risk)

Serial batch Repeat of leaching test with water Continuous contact of soil and Estimation of leaching

A part of test renewal. dynamic groundwater and rainfall. amount.

additional Sequential Each condition: oxidation, Estimation of existence
soil analysis__extraction reduction and so on. form.
method Tank Stirring soil added to much water in  Contact of soil and static Feature evaluation for
(asrisk  leaching test tank for long time. groundwater. leaching. )
assessment  Oxidation Confirmation of sulfide
for long test existence and effect
term) Column test Flow-through to column filled by soil Contim..lous contact of soil @d Estimation of le.aching
dynamic groundwater and rainfall. amount and period.

Water extraction and BCR method.

Heating soil added to H,O, solution.  Forcible oxidation
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Table 3 The view of arsenic content in natural soils and
rocks™® (modified).

Document As Comment
(mg/kg) (Geology)

Goldshmidt (1954) 5 Varved clay
Taylor (1964) 1.8 Continental crust
Bowen (1979) 1.5 Crust
Krauskopf (1979) 1.8 Crust
Mason and Moore (1982) 1.8 Crust
Faure (1991) 1 Continental crust
Taylor and McLennan (1995) 1.5 Upper continental crust
Wedepohl (1995) 2.0 Upper continental crust
Ivanov (1996) 1.8 Upper crust
Togashi et al. (2000) 677  Uppercrustof the

Japanese archipelago

Japanese geology and rocks

Shale 13
Deep-sea clay 13
Basalt 22
Granite 1.7
Sandstone 1.0
Lime stone 0.8
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BOTBEHIHERINTVWS., ThsBRMERTHER%
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% A & AR A S 3 DI TR 5 (Table 4).
4.2.1. Class I: 8l - KIS - TRES
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1) Slope type

Concentration of
1%t official leaching test

Total amount of
leaching risk

Concentration of metals

Standard value

Short Elapsed time after exposed Long
Small Alteration Large
2) Arch type

Maximum concentration

Concentration of
1%t official leaching test

Total amount of
leaching risk

Concentration of metals

Short Elapsed time after exposed Long
Small Alteration Large

TFig.2 Two leaching types of heavy metals from contaminated
soil.
(1) Cases of artificial contamination and secondly minerals
as metal’s source, 2) Sulfide minerals.)
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BoImg/L L EETET AP, 295 L-ELRED
B LRI ISR — LB 2 WH T 556, &
DFEY) A7 # W—ENEHE L2 v, 2020, @k
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DR EBRICBVWTERNZEHEEZE2 5.

4.2.2. Class 1. BR#REY

B d 5 VIHERMEOBT & & CHAEMIC X 58

FTAER &S CER LM AR (79 YR A4 Fn) #Hek

Table 4 Three kinds of contaminated soil caused by natural processes.

Class 11

Sort Class 1 ' a b Class I
Leaching type Arch Slope and arch Slope Slope
pH Acidification Acidification  Stable Stable
after oxidation
Content of metals High ~ middle Middle Middle ~ low low
Health risk D}rec.t rlSk. Indirect risk Indirectrisk  Indirect risk
and indirect risk
Content of sulfide Rich Rich ~ poor Poor Poor ~ none
Metamorphic rock, volcanic ~ Quaternary sediment, tertiary River sediment
. rock, green tuff, granite, sediment, floodplain
Typical geology

and region?%-29)

Zone

alteration zone, mineralization sediment, marine deposit,
zone, hydrothermally-altered mad rock
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Fig3 The relationship between arsenic leaching concentration and hydrothermal-alteration type of
soil along the tunnel (by Takahashi et al. (2011)%).

Sk Lot et g T, bkl komt e

R, 7ok FURLREEE). RELLTE £

Class I ICHARTHRESCESEROSA EITHBHEK L, ] _
TG L RABREORELH 5. HEIRZHHKR, oF b

LRBE, TRBE SRR TRRER ARER }

% EOFEZREETED S BUREL ML L, TR =°F B
Wi L CEERELRLPEHICILL AT 2P, F72, o .

BERK R <0 M5 B ONIE I AR 72 & O JB  A - A ;
R R G 2D Class ICESBY, Zhb ® © 0 $
DMBTHIEEEZZ T 7-HBICOVTIEClass I & 7 . . ,

%. Class I1 i3 Class I £ [ U < BALW A ELRE 0% ° © tmew ®
HERTH L0, RABESLHMAEWEEIC X ) BELY e ' y ™
BEENH D, BELL VO M, S, BESFCRE A
L B BUREE LIRS SR MEL 2570 AL, £

AW EA R, B EENBREIHT L 2o A -
T AHS VR EOHBS SBIL S T b BB L 2w £ o ¢
TS5, CNOEREEMICKALT, BT P ‘ ©

D% Class Tla, BYILL%ZVSO% Classllb &5 2. g wf A

F72, Class IT OB IIERTH OEFEDZ V720, 1L § ‘

SO AL TEZAF T GREDERRCEB THEICH

WTHREE 2B, ZHIHETZHEF L LT, MET oA WU
FEOOEY LAFH 32D oflk Sz m ’ © rme ¥ N
5. *Mea ‘ '
MBI, M 7 B R % & iR D E O .

LG ASEA 5. Class Tha IS S B 20+, i % y

Bl O KGIREIC L 0 BB LR U CRESE % U S”' |

T5. 0T, MEBEOREERE MERIRC X 558 : ©

A7 Sl CREES IR R LA I EE e 18 o)
e T A et :
4+ VM LCHEpH 2 TUFC, HEFICEETS LN A A
AFIVAEBRT S Figd?. Lal, BEHEIC , a ’
BZAMON R B CEMEER LB LA IATY 0 o ;
%, RICHEBRIEE LTHREBESNLEE, HFIY ’ © tme@ ®
2 BFELERORANEN, BRI IR ICHEE Fig4 The course of pH, arsenic and cadmium concentration
PRITTUBRENIBRLSINS. 25 Class I % Class in leachate ng weathering experiment at 30C (by Sudo
l-a O &9 % BRI T —F RO ESBED B MBI A T(t)zi%?lc?))lle)c.ted soil samples at 3 points in Tatsunokuchi
HY, MHCIIBHENEEEDTORESLZ D formation. O:Point A, 2: Point B, [J:Point C)

NI | -El ectronic Library Service



The O ay Science Society of Japan

50% 35 (2012)

5, WEOMWRIIE U+a42RE - SMPLETHD
(Fig2-2)). ZOHRAE, SNRTBEOHEZITEL,
HEHTROBEOEE LB HNEORE LT LI L
PEMTH 5.

BALH SO/ FH b Y A VIS EE R EE->TW
5. Z0k0, BIRICZESBRECHBMAIC X 5 ME
PREE SN2 &h 0, HRISREME»fThIT, &
BHOBBFTAN I Y 2DENVHERBAD pH ORI
R AR E O NS ZE BB L TV, ZOMHMR
5, 1HTHEHEHED) R 7HENTELFHME 7 v —
MR S, HIROMEHTEZHICER S 20
EE,S, TEBRSHICBWCH M YAV LTETE
AL ZCHED M 7 0 —I12 & ) PN SEATE R
ENLRBBETHEHEFL LTHOR TS (Figh)®.

—7, Class II-b @+ Class IT-a & A U < i af
WTEH 5D, WY ORIIZ X 2BREILOBEIVHNS
{, F-EHRESBEOBHRBERI AT -TRTH S
(Fig2-1)). ZoOHBEHOEEEE D RO % %8k
SR TH B, AL LIk ) ROBILIEA THR
LA iR, AWML L, ESRBENZREWR
BRI LIS E N TV AERYED 5. BEREEY T
HHEWEOAMEBEIT, ATERHERBREERYET
UTN Ny FREBRICE Y, EATABEOBIMERN
WA —FTHRTHB I EHL Class IIbh LB EN S
(Fig$, 2-1)). TEBEILAHIIHELEHEERTHY,
HRL-RBH B EOERZR SR, LA L
BRMBAATIC LY, BEEOBSICHEZEL DD
SRR OESMICMEE ST T, T AHSME SRR
% B E R VIHA ISR W B IR BRIE O W 45 ISR A8
HBT LI EPHRASINTVS Fign®. 25 L7
Class II'b ®13%1%, BRIC—EDOMAL% 21 - HER HERE
WThH72®, Class [lalZHRTY A7 D/NEWTIE
twnz b,
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Fig5 The course of pH of excavated soil after exposure for
56 days and molar ration between sulfur and calcium
in mad rock at Hakkoda tunnel construction site (by
Sasaki et al. (2005)®).
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Fig6 The course of arsenic concentration in leachate of serial

batch test to excavated soil at Nichinan group®.

Soluble phase
Exchangeable ion
and carbonate phase
Metal oxide phase

Sulfide phase

Amount of extracted As (mg/L)
awmoa

S,
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Fig.7 The distribution of arsenic in soils by sequential extraction
at Nichinan group®.
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51. 1EhOELRE
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=0, TERBKE R OCEGRERmI COSERER, BRiEE
BOG, RO F w5l e EOME/EHE ZDNS
YATEE S (Fig9)®™®. Sz, g mity
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W3 2 RN D 5.
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ERBRRERNONE, TEDPOESREOERNS
REW, REVANDOREZENS, TIBEOHTREL
DB I = 727 ORBALZIE T b ol #
D, BEEEFERIBEIILHM EXAEHIBREIN
fzss).

—%, R IEROERICRD Y, TEEHERK
T 5000 % S e —IREWIZ S WESBEOWEVER
COGmne BB L RAAE D ONKLICEHES L
7z, THHIISEMANBEH R R R L T, B’
BHAEIE O L2 S HHEOREE TORLEI R,

TR
QLD B OEMYLORSE
M- H¥F M-BH%
BRED
BER%
o +i%mE QLi@EHA

DL HFeHRMI-SH (ARHEK) FELTHE
HERBROBEBRE (ALNFBR)

M-fREE M-Eik¥
@FBLENOER O, 7LIFRIEBP~DRK

Fig8 Distribution and formation of metals in soil (by Shibuya
(1979)®).
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Fig9 Principal controls on free trace metal concentrations in
soil solutions (by Mattigod et al. (1981)*).

ENT, WEITER L. 20054FE 2 5 3BT R EHH
B RBEOBBEHEETIE L, ARBRESEEESE L
BoOMELEZLIEE, P AVERREOARTIET
SRR S, AR L LTREBRENE LD
ol 72, FR2IED TR ESOERZ ISR B
REOTEFLN R RETHXIH Y, TORERES
FymRans, FRIEOHE, MNRICEHTLIHA T
A4 VRBPGEXIBNTOEBZIEETLHA F Ty 70k
T, BHY R ZBILEREO—D & LCRELIZHRIC
BOToNAE izl Y, 4%, SWRHEOR
REmARATRS.

5.3. SMRAAME EXIREM
HERFIZ X AHRIBEOXIBANFKIZB T 5 W%
MR o 720 SREICIE, T ARERIEZHlE L
TR BREHGERT & L TRD 32003% 5 (Figlo).
a) AEALEDREL @ il L 726 R R I RE
L CHEDRT .
b) BAEAREL © T2 IREE IR 2
E#EALTRET 55k
c) EBVEH T REALEE © T KP CHRMRT O TR
HCA R 2 BER L CRAE R KT B T
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Fig10 Countermeasures using mineral material within

contamination site™®.

(a) Immobilization on site, b) Immobilization in
situ, ¢) Permeable barrier.)

ZDHhL, EBBRMEHT KB EEIFERTETIERL,
BECERINITARINRE 2 5. 6o T, FHHMH
KERHRIN-ESEEFRENICRET 2ABLM &
LChOREEICIA T, BEIKFOESBELHIRT 72
DOWEERIERL LTROLNE. —F, LOHR
HRESBEEATEICOWTIE, EHEICEABEAL
MOREIFHE R ARLPBENS L, F-EERCEL
CBREBHBRICTHERBECLWHREND SH. TOREKTIL,
EMESZENTE,SORBKICK BB TRELRE
W2 A ZFIT EBBBTAREEOZELFEIGAL,
CHH SN BRERESERESRFTEYHETAIEOT
BICABAL L E O 2 AT 5 8RR 2 RA SR
BEHRTATE UT, BEBLE) MHLLEESHh
Tw3 (Fig 1)™?. WERBITHEER, YU TN Ny
FREBEEFIZL VFERTEISOESBEHEZBHRY X
L LTEEL, Zhu5RE LS5 8WRME %8Gk
LHETH A0, HEIEL &R, SO T THBE
FIHBETELZ A Y MBS, BERIFRFTES
AL i, BERBTIEOFEMIE—HOATLITE
W T oTWDEA, () EARHERZ &K D SR

Table 5 The view of environmental-friendly inorganic material like minerals against heavy metals™.

BEERERICBTH L - ML - S 151

BiER m Drainage

Fig.1ll Conceptual scheme of permeable adsorption layer
against groundwater contamination (by Huang et al.
(2009)*%).

B OMRETHE T kR WE B TEORENIE T 5 ~v =27
MEPEDLNTBY, Th2rbERTHEMEEDN
5.

5.4, SiRMBOERETNA

ELRE BB EMTICER LT3 28R4
X, BERPERSOEVHISEIRELSW, TeTy
VHE, ¥+ I4 N, TIVIZ LG, S&EW, Ay
TAGMRU TR YT LG, XV NEY, BIRE
KB O SEHEICHF 5B (Table 5). £ X ¥ b
BECYEBELLZENE LTHERSRLY, 568
MOMEERICL ) EEREORFIR LRI L2056
AV MEMELTEDTVS., ZRLDMEDE LD
HEHH DA b i AL B, BEMBORM 2 ET
FIASNBHEF, 2F VI LOBETHS.

EBEOMNHICOWTI, BERIEOMBELBBEA
DBIZEHBRAL KBRS ¥ 2 XV b= F+ 1 M HH
WHREZEDS, BICHREWORANRE WD, i
VI V=R EDANY TAEGMERT AT T 28D
i, ¥4 o4 b RBEERAYY. HL, &
S R ENC BYERH ORBEMAREEN D S Z L ~OE
EVLETHE. BAF VESBHE I L THARED
BWEE Ao —0, SKEEILH S — 5 4 MiE pHI2

49)

Category name

Form / major minerals

Primal mechanism

Clay minerals
Allophane

Al minerals
Fe minerals

Ca minerals and

Mg minerals dolomite, apatite, brucite, et al.

Cement minerals sulfate, et al.

LDH Double layer hydroxide / hydrotalcite, green rust

Phyllosilicate / smectite, vermiculite, mica, et al.
Phyllosilicate / allophane, imogolite, et al.
Zeolite Aluminosilicate / mordenite, clinoptilolite, et al.
Oxide, hydroxide and hydrate / gibbsite, corundum, et al. ~Adsorption

Elemental substances, oxide, hydroxide and hydrate / Co-precipitation, adsorption, ion-
iron, ferrihydrite, goethite, schwertmannite, et al.
Carbonate, oxide, hydroxide and hydrate / calcite, Adsorption, ion-exchange

Cation-exchange, swelling, sealing
Adsorption
Cation-exchange

exchange, reduction

Calcium silicate oxide and hydroxide / ettringite, mono- Cementation, exchange

Anion-exchange
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Fig.12 Boron adsorption on goethite as a function of pH and
ionic strength (modified from Goldberg et al. (1993)"*),
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6. ®miglC
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