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Composition and Type of Portland Cement

Fineness Type 1 Type 2 Type 3 Type 4 TypeS | White

Chemical Composition (%)

SiO, (Sulfur dioxide) 20.5 208% 20.6 22.2 2.9 22.7
ALO, (Alumina) 5.4 4.6 4.9 4.6 3.9 4.1
Fe,O, (Ferric oxides) 2.6 3.5 2.8 5.0 42 0.3
CaO (Free lime) 63.9 63.8 63.4 62.5 63.8 66.7
MgO (Magnesium oxide) 2.1 2.1 2.2 1.9 2.2 0.9
SO, (Sulfur trioxide) 3.0 2.7 3.5 2.2 2.3 2.7
Na,O (Sodium oxide) 0.61 0.51 0.56 0.36 0.48 0.18

Mineral Composition (%)

3Ca0.Sio, (C,S) 54 55 55 42 54 63
2Ca0.Sio, (C,S) 18 19 17 32 22 18
Ca0.ALO, (C,A) 10 6 9 4 4 10
4Ca0.AL0,.Fe,0, (C,AF) 8 11 8 15 13 1

Blaine Fineness (mz/kg) 369 377 548 340 373 482

2.1.4 M3wNiusia (Clinker Burning)
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M319N 2.2 oansznevvesfusuanaiuiosas Tastimin (USayan nazse,2547)
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auNIIVON CZS
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Characteristic Leaching Procedure kD) TCLP)
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a ¢ 1a Y 1 4 '
1.msnsevilSinalansminnanua 1aon13desnnaznouA81AT0I000d01d
aroaauluTas (Microwave Digester) ATNAB11A5§ 109 US EPA SW-846 Method 3052
4
I'd

d o a Yy v v o v 4 .
El]qﬂuum']ﬂ'lijl;ﬂi131"‘?\31“&51111611um@QIaﬂgﬁUﬂﬂqwuﬂﬂjﬂlﬂéﬂq Inductlvely Coupled Plasma

9 a Jd o A
Spectroscope (ICP) Idnamsinsizrineasnah 4.1

v Y
M519N 4.1 USuavea TanzninNIMNANAI08 MNINAZ N

N]ﬂiﬁ]uﬂﬁuiﬁﬂﬂ1u'€)ﬂﬁ11’iﬂﬁﬁu
Tavzvirin ANMTNYY (mg/Ke) Souay N :
(mg/Kg)

Al 3,701.93 232 N/A

cd 63.56 0.04 100

Cr 475.96 0.30 Cr'*=500,Cr "=2,500
Cu 220.63 0.14 2,500

Fe 12,673.32 7.93 N/A

Hg 9.37 0.01 20

Mn 1,312.24 0.82 N/A

Ni 5473 0.03 2,000

Pb 53.67 0.03 1,000

Sr 8,825.31 5.53 N/A

Tl 26.289 0.02 N/A

\Y% 60.777 0.04 2,400

Zn 109,911.36 68.81 5,000

= 12 o E4
N/A fe lufismua 13 lulse maveansgnsnsgadimnssy

a J a o Qa: % 1 1 [ I~
10N5UATIEHYT VI Jane N NIMUAYDIAI08194NINALNDUND NN FInL F11 U
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drulsznouvian laelioasaiusosazes.81 ued lansmiinnaviua Usnantidalszneuaie
< ~ a = 9 £ A =) ~ @ 1
manuazaasausy TulTiugenas FulenleuneuiuauINI §IUUDININ 159911
QAA1¥N35Y (Total  Threshold Limit Concentration (TTLC)) WUNAINLANAUNULIATFIUN
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o = dy Y o = = & J A 3 a

AINTH (Zn) u@ﬂ%']ﬂuulﬂﬂ']ﬂﬁﬂﬂy']ﬂﬁGﬁza%aWﬂﬂJﬂ\ﬂﬂimfJiJ (Cr) “BQL‘]JH‘EWJ“VIM?]TIIJL‘]JUWE
o a = Yy 9 =2 o Y < 3 =2
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2.MsNATEUMI¥aza1® (Leaching test)
2.1 MINAABUMTFLALAYAIEIT Waste Extraction Test (WET) Wi langmiin
Ao J 4 =\ @ = £ A (a 1w
UMAINNUIATIIHINIUULAALNEN (Cd) LasaINed (Zn) FIPUTWI19MINY 5.830 uag
334.553 iaansuavaasaudnuliaunuuasgrudonlieufioununl Soluble  Threshold
a 1 3 [
Limit Concentration (STLC) d3gniarsaniudumnveadeduasionniszmeniznsi
A o v A a A o ~ 99 9
A HNT Iy ITeIMIvadlpansoTagh lulduds w.a. 2548
22 MINAOUMITLAZAWAWITUIATI UV US EPA SW-846 Method 1311
(Toxicity Characteristic Leaching Procedure #38 TCLP) WuIANMINYIUvedlavieniinlag
daulnglimdiniunasgiu endudansd (Zo) HauAunnasgiu (Maximum Concentration of
Contaminants for Toxicity Characteristic) Ba3AMANYUIAY 387.331 Haansuneans
v Y
ANUAUTUYDI TaKEHINIINNINAZNOUNNATDUNT ¥ AZA10NIEDIIDYNHAITAN
1 a o & 9 =1 o w o w 1 9 v Aa A =
JuTunnve AT UNT 1Y FI0INNITALAZITADE19)NADINIUNANIVING (HBIINI
I a 1 1 1 4 A Y Y &
anuiluiiyuazouaie Iasamisndananiznuaeuyotazaunadon I seamsodgll

Y 9 Yo a
ﬂ’)ﬁJL"’UiJﬂl“H‘lJfNﬂTﬂﬁ%ﬂfJuulﬂﬂ\WﬂiN“VM.Z

M99 4.2 anudutuved laneniinnnmanaaounaszazaisludiog1anmnaznou

anassuigensld anutatuiiald Gadnduans)
Tavigniin o
(Haan3IN/ang) TCLP Waste extraction test

Cd et 0.8 5.830
Cr 5.0 0.032 0.940
Cu 25.0 0.457 0.793
Fe N/A 0.017 16.283
Mn N/A 0850 0312
Ni 20 0.122 0.912
Pb 5.0 0.039 1.602
Sr N/A 0.081 0.563
TI 7.0 0.026 1.9195
/n 250 387.331 334.553

N/A Aplutimsfmuannududu1Aluiasgiu (US EPA SW-846 method 1311; Maximum Concentration
of Contaminants for Toxicity Characteristic #a21l52MAINTzNINYAAMNTIN FoIMIAIaTNI anTe

Faqn'laildud w.a. 2548)
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4.2 HANM3AATIZHADHUZNIMEMNUASMUAN VDY UBIHUA
o T 4 3 a { ao Y I Ao ] o .
Aredn)uduansdessian g luanddeiiduyudwuaniisirens i (Ordinary
A =~ o av A Aa 1 -
Portland  Cement) Tagi@oni uduua lun1s39ouuusHaNINIs M1 INNNUDUTEOUATY
. = Sq ¥ a a @ 1 = a;’,’ a
(Co-processing) Hazudmuuanlgnssurumsnaaunuay Taga1ed19uduanidoria
va o a [ 4
Hauantani ldawinasgusdaiusigaamns sy
a @ 9y v o o - X A ¥ ax .
MIWATIERANVALTUYI Tanenin TuAIe8 19 UBNUATIdIr AR 83T M oY
A019879819 (Microwave Digester) 9]1%3%%1@]5@11!"]]6@ US EPA SW-846 Method 3052 ey
a 4 ] 4
IATIEHANUINTUURS TaneIinA281AT84 Inductively Coupled Plasma Spectroscope (ICP)
9 a d o ~
lédwamsnsizrinensnah 4.3

E4
Jd o

M3197 4.3 U5 Targrinvesiledauduuaiiaesria

ANMNTNINVRIanZ TN (mg/Kg)
Tanizivin . .
Yudmuan hiimsensrumaveads (A) | Yudmuaniimswnsiumaveads ()

Al 7,989.03 5,968.80
Cd 1.26 1.90
Cr 3227 50.14
Cu 14.85 148.72
Fe 8,240.06 10,568.60
Mn 199.07 276.94
Ni 19.09 29.74
Pb 19.71 29.90
Sr 128.04 184.32
Zn 41.19 194.19
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o o o A A v d A A o X A 9 )
nasnniuivueazdeaie lnitluie@edny (Li uazame, 2001) e lslumsriasneu
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$ 1 Y o 1
ﬂ1§1\1ﬁ 4.4 DMINATDUANVUVUILUUUDINDUAIDY

| sandaumaumid ANUHMWUY (g/em)
Areeaneuuds ) - - - -
(owoz) 3 3u 7 Ju 145 | 287w
A00 0 2.18 2.17 2.20 2.17
A05 5 2.15 2.07 2.13 2.10
A10 10 2.13 2.15 2.12 2.02
AlS 15 2.11 2.06 2.12 2.00
S00 0 2.15 2.11 2.24 2.19
505 5 2.19 2.09 2.10 2.18
S10 10 2.09 2.04 2.14 2.14
S15 15 2.03 2.03 2.12 2.13

=

~ I 1 ' Ao 1 Ay
nuaLyeg : A00 = ﬂqumnuwlluuﬂmmi'mmﬂmmmﬂmmwmumnmum3aﬂag 0
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4.3.2 MINATOUMAISVITIOAVDINOUAIREN
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ATIEIUMIUNUNYUBIUAAIBNINAZNEUNTBEA 0,5,10 1az15 TANANMINATEUAIAITI
d‘ d! Y % 1 d' LY 1 d‘Q) A o w w [ [ Y
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Alansuaos 1 UAINATHAZIATIAIUNTUNUNAT BEAL 15 (A15) UAUNIND 11.18 Alansu
' Aa ~ ' o ~ S A Aa ' A Ao '
ARAI I UAINAI N1 LY 28 Tu TuiluGmuasianims s wnnvoudenonsidiuns
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UNUNToEAL 0 (S00) BAIAITUUTIDANIND 369.33 N 1aNTUADAITIUFUAIAT LALDATIAIY
MIUNUNITEAL 15 (S15) VAUNINL9.50 N 1anTUADMTIUTUAILAT
NNANITNATDUNIAISUNTIOAUDIAOUAIDEINV I NOATIAIUNITUNUN
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YuFuadreninaznoudaiosaz s 1uduldanwamisalunssuusavesdou
A10819aAad0819WINIBIINN15 MUY AG o1 latasvuvodane @ uaziorfiouiua
- o a o o o = [ < A ) Yy
WIATFINVEY US EPA, 1989 Mennumansssininmsnuadesuazvastoundaierirluile
d! =S 1 =) (%] 1 =) 1 = | =)
nay FINAUsTA 3.57 N lanTuABMITIUTUAILAT (0.35 wnnzian1a) nuNUANIY
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Y o v w v 9 @ 1
ﬂ1§1\1ﬁ 4.5 NMINATDUNIONTULIIDAVDINDUAIDYY

o e - Fasdumsunud, Mas3unsda (Kg/em®)
LRI SIGITIER . = — — =
(3omaz) 35U 7 143 28 U
A00 0 93.68 160.03 180.33 324.59
A05 5 5.84 7.70 19.04 21.13
Al10 10 5.57 7.54 8.60 17.55
Al5 15 3.02 7.15 8.16 11.18
S00 0 114.21 162.34 184.64 369.33
S05 5 4.38 95.85 166.43 288.00
S10 10 3.40 6.15 8.93 11.16
S15 15 2.78 5.71 7.48 9.50
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4.4 MI3analansrminUUUSIADTUAEID Sequential extraction test
MIANYIBAHAULANIZNAUAL (Specific chemical) w?agﬂgmmmﬁuﬁz (bonding forms)
o @ [ [ L
woq Tangminludedranounduilulylden 3aiinsilszgnaldmsnaaounuy Sequential
. £ 9 A v o ! o Aa v ] ' .
extraction test 34 1WanInaaeuRsINUdad M0 Taneniinnlod 1u%¥09919 (lattices) Y04
o 1 kY < Y A v A
fog1anouuTeld (Zhang uazamy, 2008) iesnnarsdsznen Tanemindanuannsaly
gl @ Y ! [ | a d a Aa
msazareluihana lduanaeiu TaadumsinsemiFalsuna
[ Y < o w 09: 4 ad .
msdana laveminuuuiudduiulasnsdscgnansnaaauaInisved X.D. Li

[ [ o o w QSJI [ J
uazame (Liagame, 2001) wuatunsana lanzrinanua1auIuAoUAL
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1. ludusouusnilumsadanuszved lansnnamsuanlaouldde Tasns 14

wd‘dld

A 9 Y— = QSII dyd o v Ao 9
ANANNUATNDBLTUAUININD 7 GlmmiGlfza$awslueuuﬁﬂuu!ﬂumiﬁﬂﬂiaﬁz‘ﬁuﬂ‘ﬂmmﬂuu
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maeludunouusn
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@ v Ao = J
3. ﬂ1iﬁﬂﬂjaﬁ$ﬁuﬂﬂm u‘ﬁgﬂULWaﬂ!laglLNQﬂ']ua@ﬂﬂllcﬁﬂ

v
= -

[ o = o a = J @ J
4. fnﬁﬁﬂﬂjaﬁgﬁuﬂﬂﬂwu‘ﬁgﬂﬂﬁ'ﬁﬂuvﬁﬂllazcﬁalh\lﬂ

[ 3 9 3 I v A A 1 [ A
5. ﬂ’]ﬁﬁﬂﬂiu‘uu@ﬂuaﬂ‘ﬂ’mlﬂUﬂ1§ﬁﬂ@ﬁ’]ﬁﬂﬁgﬂﬂﬂm@\‘liaﬁgﬁuﬂﬂlﬁﬁﬂ@gﬂll‘lﬁjuﬂ

q

L‘ﬂ UN1N (Residual Fraction)

v 2
J 9 @ % [ a . .
M3197 4.6 mmmmumaﬂamﬂuﬂmwuﬂmﬂmiﬁﬂﬂﬁaﬂﬁ Sequential extraction test

L ANNVNTHYDIAYiZHUD (Naansunoans)
LELEAR
Al Cr Fe Sr Zn

A00 4579 2.4 485.6 12.8 11.1
A05 419.2 3.6 431.4 10.7 479.4
A10 434.6 5.2 4741 11.4 940.0
Al5 355.5 6.5 474.7 10.2 1,376.8
S00 380.0 1.9 398.3 10.8 7.8
S05 320.4 2.8 356.1 8.5 374.7
S10 244.8 3.5 307.1 8.3 682.9
S15 3515 6.2 464.7 9.1 1,387.6
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MNATNN 4.6 UAAIANUTNTUYRI TareHITNTIIMNANIINTANTIZHAIITNS
Y 1 v
ANALUVSIAUTY (Sequential extraction test) FINVIOQUIHENYNFZAZAWOONUIWINTIA
9 3 9
uoNINHIINUNANYUEMIFzaza18v0d Insilionnas FansFasNNIUAINEATIAIUNS
~ = <Y a ~ Y A Y] = 4
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Increment 2-7 | Surface wash-off Diffusion Dissolution
Increment 5-8 Depletion Diffusion Dissolution
Increment 4-7 Depletion Diffusion Dissolution
Increment 3-6 Depletion Diffusion Dissolution
Increment 2-5 Depletion Diffusion Dissolution
Increment 1-4 | Surface wash-off Diffusion Delayed diffusion or dissolution
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SIUNMNVDUTUOUATY
o ilsaandesw idunsadunsiz
39813 | Increment
re mechanisms re mechanisms
2-7 0.373 Diffusion 0.3515 Diffusion
5-8 -0.0992 Depletion -0.0164 Depletion
4-7 0.2044 Depletion 0.1553 Depletion
A00
3-6 0.2886 Depletion 0.3048 Depletion
2-5 0.4594 Diffusion 0.4663 Diffusion
Delayed diffusion or Delayed diffusion or
1-4 0.8243 0.8807
dissolution dissolution
2-7 0.4485 Diffusion 0.3878 Diffusion
5-8 -0.1002 Depletion -0.0511 Depletion
4-7 0.2279 Depletion 0.1501 Depletion
A05
3-6 0.4236 Diffusion 0.3372 Depletion
2-5 0.5657 Diffusion 0.533 Diffusion
Delayed diffusion or Delayed diffusion or
1-4 0.7792 0.7583
dissolution dissolution
2-7 0.3366 Surface wash-off 0.3211 Surface wash-off
5-8 -0.2254 Depletion -0.1557 Depletion
Al0 4-7 0.1042 Depletion 0.0753 Depletion
3-6 0.3661 Diffusion 0.4077 Diffusion
2-5 0.4798 Diffusion 0.4685 Diffusion
1-4 0.5526 Diffusion 0.3417 Surface wash-off
2-7 0.1744 Surface wash-off 0.2324 Surface wash-off
5-8 0.1475 Depletion 0.1227 Depletion
AlS 4-7 0.0285 Depletion 0.0004 Depletion
3-6 0.3384 Depletion 0.3236 Depletion
2-5 0.2045 Depletion 0.3467 Depletion
1-4 0.4321 Diffusion 0.2905 Surface wash-off
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39813 | Increment
re mechanisms rc mechanisms
2-7 0.3934 Diffusion 0.3862 Diffusion
5-8 -0.0954 Depletion -0.0212 Depletion
4-7 0.2135 Depletion 0.2017 Depletion
>0 3-6 0.3548 Depletion 0.3486 Depletion
2-5 0.4796 Diffusion 0.494 Diffusion
Delayed diffusion or Delayed diffusion or
1-4 0.8127 0.7173
dissolution dissolution
2-7 0.4644 Diffusion 0.4158 Diffusion
5-8 -0.1206 Depletion -0.0129 Depletion
4-7 0.1808 Depletion 0.146 Depletion
- 3-6 0.4213 Diffusion 0.3935 Diffusion
2-5 0.6494 Diffusion 0.5855 Diffusion
Delayed diffusion or Delayed diffusion or
1-4 0.9585 0.8753
dissolution dissolution
2-7 0.2734 surface wash-off 0.2685 surface wash-off
5-8 -0.1689 Depletion -0.1112 Depletion
4-7 0.0663 Depletion 0.0369 Depletion
>0 3-6 0.2457 Depletion 0.278 Depletion
2-5 0.3881 Diffusion 0.3954 Diffusion
Delayed diffusion or
1-4 0.6923 0.4221 Diffusion
dissolution
2-7 0.2107 surface wash-off 0.2507 surface wash-off
5-8 0.2169 Depletion 0.1285 Depletion
S15 4-7 0.061 Depletion 0.0146 Depletion
3-6 0.3524 Diffusion 0.3923 Diffusion
2-5 0.2527 Depletion 0.3741 Diffusion
1-4 0.338 surface wash-off 0.2839 surface wash-off
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Diffusion Controlled Leaching (A00DI_Al)

10000 10000
NE &+ “g o & +
>, 0O & & = 0 &
éﬂ 1000 Q 3 9 o) éo 1000 Q ¥ O
= @ o0 Q
g g
S 100 @ =100 3
8 s
— —
10 10
(Days) (Days)
0.1 1 10 100 0.1 1 10 100

Diffusion Controlled Leaching (AOOAR_Al)

+ measured cumulative O derived cumulative

+ measured cumulative O derived cumulative

Diffusion Controlled Leaching (A05DI_Al)

10000
“& & J
2 100 - 0% @ P
2 ? |
S 100 & ‘
g ‘
—
10 1
(Days)
0.1 1 10 100

Diffusion Controlled Leaching (A0SAR_Al)

10000

= +

£ . & &

é‘) 1000 9 A (0]
E ¢

=100 &

S

]

10
(Days)
0.1 1 10 100

+ measured cumulative O derived cumulative

+ measured cumulative O derived cumulative

Diffusion Controlled Leaching (A10D1_Al)

10000 -

= z
21000 6@ &7

= ¢ o4 .1
> o ¢

£ @

= 100 ,
b5 |
B {

10 1
(Days)
0.1 1 10 100

Diffusion Controlled Leaching (A10AR_Al)

10000
“g

= 1000 6 1

E 5 © 5% o,
= @

= 100

5

[

10
(Days)
0.1 1 10 100

+ measured cumulative O derived cumulative

+ measured cumulative O derived cumulative

Diffusion Controlled Leaching (A15DI_Al)

Diffusion Controlled Leaching (A15AR_Al)

10000
=

= 1000 & 3

E e & 0

= 100 ®

S

—

10
(Days)
0.1 1 10 100

10000
8 =
=0 1000 + T
E 6@ 66 o©
2 o O
=100 T
S
—
10
(Days)
0.1 1 10 100

+ measured cumulative

O derived cumulative

*+ measured cumulative

O derived cumulative

311 4.28 Mm3vszazararauvetaglition 910M3IA (+) HAZINMIMUIY (o)



93

Diffusion Controlled Leaching (S00DI_Al)
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yednnIm (Surface wash - off)
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o tinlsaindeon siunsadanmed
M998 | Increment
re mechanisms re mechanisms
2-7 0.0768 surface wash-off 0.0347 surface wash-off
5-8 -0.4643 Depletion -0.3942 Depletion
A00 4-7 -0.1015 Depletion -0.168 Depletion
3-6 0.0634 Depletion -0.0398 Depletion
2-5 0.1685 Depletion 0.1722 Depletion
1-4 0.3878 Diffusion 0.4378 Diffusion
2-7 0.1181 surface wash-off 0.0375 surface wash-off
5-8 -0.2917 Depletion -0.4355 Depletion
A05 4-7 -0.0572 Depletion -0.206 Depletion
3-6 0.0955 Depletion 0.0052 Depletion
2-5 0.2078 Depletion 0.1794 Depletion
1-4 0.5558 Diffusion 0.5553 Diffusion
2-7 0.2985 surface wash-off 0.3348 surface wash-off
5-8 -0.1224 Depletion 0.1020 Depletion
Al10 4-7 0.2302 Depletion 0.2470 Depletion
3-6 0.2514 Depletion 0.2704 Depletion
2-5 0.2813 Depletion 0.3646 Diffusion
1-4 0.3908 Diffusion 0.5739 Diffusion
2-7 0.0436 surface wash-off 0.3518 Diffusion
5-8 0.0123 Depletion 0.2650 Depletion
4-7 -0.1657 Depletion 0.2550 Depletion
Al 3-6 -0.0492 Depletion 0.3850 Diffusion
2-5 0.2324 Depletion 0.4408 Diffusion
Delayed diffusion or
1-4 0.7775 0.6154 Diftusion
dissolution
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39813 | Increment
re mechanisms rc mechanisms
2-7 0.0926 Surface wash-off 0.0279 Surface wash-off
5-8 -0.2328 Depletion -0.3197 Depletion
S00 4-7 -0.0549 Depletion -0.1699 Depletion
3-6 0.0295 Depletion -0.0583 Depletion
2-5 0.1234 Depletion 0.1969 Depletion
1-4 0.04178 Surface wash-off 0.5586 Diffusion
2-7 0.2486 Surface wash-off 0.0531 Surface wash-off
5-8 -0.1811 Depletion -0.4443 Depletion
S05 4-7 0.0988 Depletion -0.1304 Depletion
3-6 0.2251 Depletion 0.0352 Depletion
2-5 0.3198 Depletion 0.1814 Depletion
1-4 0.5843 Diffusion 0.6068 Diftusion
2-7 0.0423 Surface wash-off 0.1893 Surface wash-off
5-8 -0.2423 Depletion 0.0956 Depletion
S10 4-7 0.0018 Depletion 0.1279 Depletion
3-6 -0.0575 Depletion 0.0984 Depletion
2-5 0.0105 Depletion 0.2045 Depletion
1-4 0.0623 Surface wash-off 0.3187 Surface wash-off
2-7 0.0733 Surface wash-off 0.3383 Surface wash-off
5-8 0.0241 Depletion 0.2395 Depletion
4-7 -0.1362 Depletion 0.1935 Depletion
- 3-6 -0.0281 Depletion 0.36 Diffusion
2-5 0.2671 Depletion 0.4642 Diffusion
Delayed diffusion or Delayed diffusion or
1-4 0.8722 0.7427
dissolution dissolution
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39813 | Increment
re mechanisms rc mechanisms
2-7 0.0231 surface wash-off -0.1382 surface wash-off
5-8 -0.4668 Depletion -0.3132 Depletion
A00 4-7 -0.0861 Depletion -0.1611 Depletion
3-6 -0.1057 Depletion -0.2128 Depletion
2-5 0.0882 Depletion -0.1389 Depletion
1-4 0.2359 surface wash-off 0.1927 surface wash-off
2-7 0.0829 surface wash-off -0.1784 surface wash-off
5-8 -0.4203 Depletion -0.5317 Depletion
A05 4-7 -0.0134 Depletion -0.8144 Depletion
3-6 0.0684 Depletion -0.3607 Depletion
2-5 0.142 Depletion 0.1812 Depletion
1-4 0.3091 surface wash-off 0.5898 Diffusion
2-7 -0.1231 surface wash-off -0.0805 surface wash-off
5-8 -0.8024 Depletion -0.9193 Depletion
A10 4-7 -0.128 Depletion -0.493 Depletion
3-6 -0.014 Depletion -0.3131 Depletion
2-5 -0.1014 Depletion 0.3302 Depletion
1-4 0.258 surface wash-off 0.5432 Diftusion
2-7 -0.0131 surface wash-off -0.1216 surface wash-off
5-8 -0.0761 Depletion -0.2836 Depletion
4-7 -0.315 Depletion -0.5568 Depletion
Al 3-6 0.0164 Depletion -0.4941 Depletion
2-5 0.0899 Depletion 0.1935 Depletion
delayed diffusion or
1-4 0.3361 surface wash-off 0.698
dissolution
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39813 | Increment
re mechanisms re mechanisms
2-7 0.0053 surface wash-off -0.0201 surface wash-off
5-8 0.2884 Depletion -0.121 Depletion
S00 4-7 -0.0179 Depletion -0.0831 Depletion
3-6 -0.0556 Depletion -0.3366 Depletion
2-5 -0.0637 Depletion -0.0422 Depletion
1-4 0.2312 surface wash-off 0.4749 Diffusion
2-7 0.1228 surface wash-off -0.0878 surface wash-off
5-8 -0.1465 Depletion -0.6496 Depletion
4-7 0.0033 Depletion -0.9705 Depletion
- 3-6 0.0179 Depletion -0.4196 Depletion
2-5 0.16 Depletion 0.5978 Diffusion
Delayed diffusion or
1-4 0.4775 Diffusion 0.9738
dissolution
2-7 0.0053 surface wash-off -0.0549 surface wash-off
5-8 -0.2761 Depletion -0.755 Depletion
4-7 -0.1089 Depletion -0.6355 Depletion
>0 3-6 -0.0807 Depletion -0:3301 Depletion
2-5 -0.0265 Depletion 0.4575 Diffusion
Delayed diffusion or
1-4 0:3594 Diffusion 0.6794
dissolution
2-7 0.292 surface wash-off -0.2354 surface wash-off
5-8 0.1782 Depletion -1.663 Depletion
4-7 -0.0589 Depletion -0.5776 Depletion
- 3-6 0.3639 Diffusion -0.335 Depletion
2-5 0.5322 Diffusion -0.0555 Depletion
Delayed diffusion or
1-4 0.1854 surface wash-off 0.6584
dissolution
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Diffusion Controlled Leaching (A00DI_Fe)
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Diffusion Controlled Leaching (SO0DI_Fe)
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39813 | Increment
re mechanisms re mechanisms
2-7 0.2809 surface wash-off 0.2899 surface wash-off
5-8 -0.0995 Depletion 0.0771 Depletion
A00 4-7 0.1441 Depletion 0.1908 Depletion
3-6 0.1613 Depletion 0.1991 Depletion
2-5 0.3305 Depletion 0.3257 Depletion
1-4 0.6364 Diffusion 0.5952 Diffusion
2-7 0.2928 surface wash-off 0.2797 surface wash-off
5-8 -0.0542 Depletion 0.0446 Depletion
A05 4-7 0.2099 Depletion 0.2216 Depletion
3-6 0.1878 Depletion 0.2098 Depletion
2-5 0.2989 Depletion 0.283 Depletion
1-4 0.5701 Diffusion 0.5375 Diffusion
2-7 0.334 surface wash-off 0.3538 Diffusion
5-8 -0.1686 Depletion -0.0188 Depletion
4-7 0.1243 Depletion 0.1961 Depletion
AlD 3-6 0.2328 Depletion 0.2696 Depletion
2-5 0.4729 Diffusion 0.4388 Diffusion
Delayed diffusion or Delayed diffusion or
1-4 0.8573 0.7937
dissolution dissolution
2-7 0.4622 Diffusion 0.3723 Diffusion
5-8 0.239 Depletion 0.2016 Depletion
4-7 0.2623 Depletion 0.1655 Depletion
Al 3-6 0.5282 Diffusion 0.4138 Diffusion
2-5 0.6154 Diffusion 0.5115 Diffusion
Delayed diffusion or Delayed diffusion or
1-4 0.8305 0.7664
dissolution dissolution
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39813 | Increment
re mechanisms rc mechanisms
2-7 0.3666 Diffusion 0.3578 Diffusion
5-8 0.0155 Depletion 0.1362 Depletion
S00 4-7 0.2628 Depletion 0.2786 Depletion
3-6 0.2377 Depletion 0.3024 Depletion
2-5 0.3759 Diffusion 0.3681 Diffusion
1-4 0.6267 Diffusion 0.5346 Diffusion
2-7 0.3033 Surface wash-off 0.302 Surface wash-off
5-8 -0.0296 Depletion 0.0284 Depletion
S05 4-7 0.2131 Depletion 0.1992 Depletion
3-6 0.1982 Depletion 0.2196 Depletion
2-5 0.3072 Depletion 0.338 Depletion
1-4 0.5701 Diffusion 0.5672 Diffusion
2-7 0.4614 Diffusion 0.4182 Diffusion
5-8 -0.0039 Depletion 0.063 Depletion
4-7 0.2665 Depletion 0.259 Depletion
>0 3-6 0.314 Depletion 0.3015 Depletion
2-5 0.5562 Diffusion 0.497 Diffusion
Delayed diffusion or Delayed diffusion or
1-4 1.0035 0.9028
dissolution dissolution
2-7 0.4368 Diffusion 0.3779 Diffusion
5-8 0.2083 Depletion 0.2225 Depletion
4-7 0.2345 Depletion 0.147 Depletion
- 3-6 0.4805 Diffusion 0.4089 Diffusion
2-5 0.6028 Diffusion 0.5323 Diffusion
Delayed diffusion or Delayed diffusion or
1-4 0.8632 0.8312
dissolution dissolution
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Diffusion Controlled Leaching (A00DI_Sr)
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Diffusion Controlled Leaching (S00DI_Sr)
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39813 | Increment
re mechanisms rc mechanisms
2-7 0.1544 surface wash-off 0.1014 surface wash-off
5-8 -1.0829 Depletion -0.483 Depletion
4-7 -0.0497 Depletion -0.0858 Depletion
A00
3-6 -0.1668 Depletion 0.079 Depletion
2-5 0.4702 Diffusion 0.2584 Depletion
Delayed diffusion or
1-4 0.7136 0.433 Diffusion
dissolution
2-7 0.342 surface wash-off 0.0649 surface wash-off
5-8 -0.0803 Depletion 0.011 Depletion
A05 4-7 0.3333 Depletion -0.0584 Depletion
3-6 0.2822 Depletion -0.2409 Depletion
2-5 0.401 Diffusion 0.1789 Depletion
1-4 0.4344 Diffusion 0.2771 surface wash-off
2-7 0.243 surface wash-off 0.0922 surface wash-off
5-8 -0.2444 Depletion 0.329 Depletion
Al0 4-7 0.5195 Depletion 0.0463 Depletion
3-6 0.2835 Depletion -0.4915 Depletion
2-5 0.0538 Depletion 0.1499 Depletion
1-4 0.2097 surface wash-off 0.2379 surface wash-off
2-7 0.187 surface wash-otf -0.1052 surface wash-off
5-8 0.3206 Depletion 0.1487 Depletion
AlS 4-7 0.0536 Depletion -0.4916 Depletion
3-6 0.1714 Depletion -0.6438 Depletion
2-5 0.2877 Depletion 0.2908 Depletion
1-4 0.3123 surface wash-off 0.5461 Diffusion
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Diffusion Controlled Leaching (A00DI_Zn)
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Diffusion Controlled Leaching (S00DI_Zn)
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Yy Y g a a v 1 a U
aNuNTUYelanzHiln (Nﬁlaﬂ‘iuﬂi’)ﬂiﬂﬂiﬂ)

¥iiavealangniin Yudnndilifimsmnsmmnveuds Yudndiiinamndmmnvesde
UMY (A) OUAIE (S)

Al 7,989.03 5,968.80
Ba 600.36 276.680
Cd 1.26 1.90

Cr 3220 50.14
Cu 14.85 148.72
Fe 8,240.06 10,568.60
K 3,652.03 5,608.60
Li 3.55 17.32
Mg 25,696.43 3,220.80
Mn 199.07 276.94
Na 7,762.64 6,985.00
Ni 19.09 29.74

Pb 19.71 29.90

Sr 128.04 184.316
Tl 393 3.576

v 105.90 36.212
Zn 41.19 194.19

15199 0.2 ﬂ’J"Illﬁ,ljllEi’l}usll’f]QIﬁﬁ%ﬁﬁﬂiuﬁflﬂéNﬂWﬂﬁgﬂ@u

rHalarizHln ANTNYHYR Az KN (Naansunoans) Souay
Al 3701.93 2.32
Cd 63.56 0.04
Cr 475.96 0.30
Cu 220.63 0.14
Fe 12,673.32 7.93
Hg 9.37 0.01
Mn 1,312.24 0.82
Ni 54.73 0.03
Pb 53.67 0.03
Sr 8,825.31 5.53
Tl 26.289 0.02
\% 60.777 0.04
Zn 109,911.36 68.81
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Y ) o Y a ) .
ﬂ1§1\1ﬁ 4.1 ﬂ'J'lll!,GUllGU‘Llell’E']QTﬁW%WuﬂﬂWﬂﬂ’lﬁﬂﬂﬁ@ﬂﬂﬁﬂ?% Sequentlal Extraction test

123

o YU Al Cr Fe Mn Na Ni Pb Sr Zn
I8 2

L anJ/a. | unJa. | wnJa. | wnJa. un./a. unJ/a. | wnJa. | wnJa. un./a.
A00 1 0.52 0.40 0.19 0.05 23.89 0.30 0.25 5.54 0.08
A00 2 0.31 0.67 0.17 0.04 1646.60 0.14 0.22 3.36 0.04
A00 3 313.84 | 1.10 | 45572 | 9.90 685.87 3.73 1.38 3.40 8.69
A00 4 5.66 0.14 4.75 0.47 179.79 0.26 0.24 0.27 2.19
A00 5 137.62 | 0.05 24.76 0.28 48.05 0.05 0.13 0.19 0.12
3 45795 | 236 | 48559 | 10.74 | 2584.19 4.48 2.22 12.77 11.12
A05 1 0.59 0.28 0.44 0.03 13.50 0.30 0.20 3.50 0.66
A05 2 0.33 0.71 0.16 0.04 1632.74 0.15 0.24 3.29 0.55
A05 3 270.13 | 2.33 | 404.05 | 8.70 823.10 3.36 1.37 3.48 455.97
A05 4 5.09 0.20 3.16 0.60 58.02 0.23 0.21 0.21 19.98
A05 5 143.03 | 0.07 23.54 0.35 52.04 0.04 0.15 0.25 2.26
33 419.17 | 3.58 | 431.36 | 9.72 2579.40 4.07 2.17 10.73 479.41
Al10 1 1.06 0.31 0.85 0.03 21.77 0.27 0.29 3.51 2.75
Al10 2 0.29 0.73 0.17 0.03 1648.38 0.16 0.25 3.46 1.29
Al10 3 283.01 | 3.83 | 44457 | 9.01 861.78 3.17 1.30 3.95 894.69
Al0 4 6.01 0.26 3.85 0.68 62.88 0.25 0.24 0.21 37.42
Al10 5 144.24-| -0.07 24.65 0.43 46.97 0.04 0.15 0.29 3.84
3 434.61 | 5.20 | 474.08 | 10.18 | 2641.77 3.89 2.23 11.42 | 939.99
AlS 1 0.65 0.40 0.32 0.03 24.80 0.26 0.26 2.98 2.58
Al5 2 0.25 0.57 0.16 0.09 1618.64 0.75 0.18 3.25 11.07
Al5 3 264.32 | 5.17 | 44785 | 6.32 867.96 3.26 1.21 3.61 1310.58
Al5 4 5.70 0.26 3.75 0.32 62.55 0.24 0.19 0.16 47.54
Al5 5 84.63 0.09 22.66 0.30 23.24 0.05 0.12 0.16 5.06
33 355.54 | 6.48 | 474.75 | 17.06 2597.20 4.56 1.97 10.16 | 1376.83
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ﬂ1§1\1ﬁ V.2 ﬂ’J'lllLSUllGU‘Llell’E']QTﬁW%WuﬂﬂWﬂﬂ’lﬁﬂﬂﬁ@ﬂﬂﬁﬂ?% Sequentlal Extraction test
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o YU Al Cr Fe Mn Na Ni Pb Sr Zn
IV 2
n unJ/a. | wnJa. | wnJa. | unga. un./a. unJ/a. | wnJa. | wnJa. un.J/a.
S00 1 0.53 0.37 0.20 0.05 22.61 0.35 0.23 3.16 0.39
S00 2 0.31 0.61 0.18 0.03 1593.41 0.86 0.18 3.17 0.08
S00 3 271.59 | 0.78 | 373.88 | 9.45 1013.55 2.48 1.58 4.10 6.88
S00 4 3.55 0.07 2.14 0.29 59.13 0.15 0.22 0.18 0.28
S00 5 104.04 | 0.04 21.91 0.22 e 0.05 0.15 0.18 0.21
3 380.03 | 1.87 | 398.30 | 10.03 | 2715.85 3.90 2.35 10.80 7.85
S05 1 0.76 0.28 0.41 0.03 16.38 0.32 0.21 2.70 0.60
S05 2 0.28 0.57 0.18 0.03 1607.63 1.52 0.17 2.84 29.78
S05 3 23024 | 1.70 | 33324 | 8.62 888.16 2.09 1.48 2.70 324.17
S05 4 3.66 0.16 2.46 0.47 61.98 0.22 0.26 0.15 16.57
S05 5 85.48 0.04 19.78 0.24 23.35 0.04 0.14 0.16 3.55
39 32042 | 2.76 | 356.07 | 9.39 2597.49 4.20 2.25 8.55 374.67
S10 1 0.57 0.29 0.19 0.01 26.96 0.23 0.28 2.54 0.09
S10 2 0.94 0.49 0.81 0.06 1615.48 0.90 0.21 2.89 3.56
S10 3 17970 | 231 | 289.70 | 7.49 830.66 2.26 1.54 2.46 617.13
S10 4 8.41 0.37 5.92 0.91 70.91 0.30 0.26 0.27 59.74
S10 5 55.20 0.03 10.49 0.13 25.07 0.02 0.07 0.10 2.36
3 24483 | 3.50 | 307.11 | 8.59 2569.08 3.7 2.36 8.26 682.88
S15 1 0.43 0.40 0.21 0.04 17.54 0.27 0.29 2.33 2.41
S15 2 0.27 0.42 0.14 0.05 1590.64 1.74 0.19 2.73 80.51
S15 3 260.18 | 5.05 | 440.06 | 10.00 1004.57 2.59 1.78 3.70 1239.13
S15 4 5.37 0.33 3.57 0.58 69.58 0.23 0.22 0.22 60.05
S15 5 85.22 0.05 20.67 0.28 21.76 0.04 0.13 0.16 5.53
39 351.47 | 6.24 | 464.66 | 10.95 | 2704.10 4.86 2.60 9.14 1387.63
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M3190 .1 ANUANTUVDI laNEHIININMITNATDL Pore water and maximum mobile

fraction test (A)

CREEAR L/S Ratio Al Cr Fe Na Sr Zn
A00 0.5 0.352 0.160 0.014 289.796 | 36.862 | 0.379
A00 1 0.293 0.121 0.022 208.667 | 49.346 | 0.133
A00 5 0.618 0.107 0.113 69.753 | 30.481 | 0.106
A00 10 0.311 0.110 0.013 35.573 | 19.612 | 0.115
A00 50 0.557 0.155 0.013 14.588 | 8.899 0.076
A00 100 5.038 0.228 0.022 4.602 2.279 0.033
A05 0.5 0.346 0.136 0.015 254.529 | 33.515 | 0.226
A05 1 0.421 0.101 0.020 205.045 | 46.434 | 0.436
A05 5 0.581 0.113 0.140 63.730 | 30.542 | 1.587
A05 10 0.471 0.099 0.084 34894 | 18.924 | 1.190
A05 50 1.900 0.239 0.027 6.598 3.146 1.152
A05 100 2.107 0.245 0.015 3.520 1.240 0.329
Al0 0.5 0.255 0.512 0.022 218750 | 13.329 | 1.653
Al0 1 0.075 0.519 0.022 140.708 | 12.329 | 1.852
Al0 5 1.211 0.445 0.064 23.164 | 3.276 4.071
Al0 10 0.319 0.642 0.038 42.594 | 4.908 2.343
Al0 50 18.689 0.223 0.037 4.743 0.726 0.953
Al0 100 27.794 0.156 0.034 3.204 0.633 0.846
AlS 0.5 0.234 0.964 0.063 362.325 | 25363 | 6.325
AlS 1 0.057 0.737 0.084 130.206 | 16.325 | 1.963
AlS 5 1.850 0.365 0.096 63.254 | 5.362 4.633
AlS 10 0.286 1.363 0.074 32.025 | 6.325 3.625
AlS 50 12.782 0.536 0.063 2.366 0.363 1.023
AlS 100 38.874 0.633 0.036 2.036 0.633 0.636
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Y Y 9 o
M3190 .2 ANUANTUVDI laNEHIININMITNATDL Pore water and maximum mobile

fraction test (S)
faee1a | L/S Ratio Al Cr Fe Na Sr Zn
S00 0.5 0.513 0.267 0.020 | 402.825 | 14.809 0.115
S00 1 0.513 0.131 0.012 | 312.015 | 35.716 0.045
S00 5 0.362 0.091 0.018 | 121.562 | 26.757 0.046
S00 10 0.515 0.111 0.022 70.038 | 17.949 0.044
S00 50 0.661 0.131 0.017 16.042 4.308 0.022
S00 100 3.064 0.171 0.017 8.324 2.520 0.023
S05 0.5 0.270 0.128 0.017 | 331.348 | 24.247 0.506
S05 1 0.708 0.084 0.016 | 244.338 | 40.818 0.778
S05 5 0.224 0.062 0.013 80.881 | 25.760 0.732
S05 10 0.184 0.070 0.016 43.723 | 15.139 0.695
S05 50 0.839 0.130 0.018 10.168 3.517 0.489
S05 100 1.736 0.203 0.014 5372 1.815 0.137
S10 0.5 0.189 4.393 0.015 | 230.205 | 6.249 2.107
S10 1 0.734 2.618 0.216 | 160.360 | 7.303 6.785
S10 5 0.497 1.051 0.158 49.351 4.363 2.436
S10 10 0.233 0.640 0.027 26.275 2.905 1.684
S10 50 1.147 0.234 0.017 6.400 1.067 0.521
S10 100 1.376 0.304 0.013 4.929 1.450 1.915
S15 0.5 0.158 4.269 0.009 | 200.363 | 9.365 3.625
S15 1 0.426 2.937 0.635 | 185.396 | 6.353 8.363
S15 5 0.376 3.266 0.169 63.025 8.363 2.527
S15 10 0.144 0.633 0.094 39.363 2.365 2.365
S15 50 1.058 0.412 0.012 10.254 2.325 1.237
S15 100 1.366 0.633 0.012 6.326 1.237 3.625
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= 9 Y by . . . = 4
M99 9.1 ANudNduved largniinaNmMINAdol Acid neutralization capacity (ﬂ,ummu@

¥A A, 719819 A00 LAz A0S)

o pH pH
I8 2y o Al Cr Fe Mn Na Ni Pb Sr Zn
SuaY) | (Hav)

A00 2 5.29 0.55| 022 | 0.10 | 327 | 8.86 | 0.23 | 0.04 | 5.80 1.01
A00 3 7.02 285 045 | 3.21 1.85 | 884 | 0.11 | 0.04 | 552 | 0.08
A00 4 9.21 0.67 | 0.81 0.62 | 0.01 853 1 0.01 | 003 | 538 | 0.01
A00 5 10.43 046 [ 0.69 | 0.38 | 0.01 853 1 0.01 | 0.03 | 5.06 | 0.01
A00 6 10.55 0.18 | 056 | 0.06 | 0.00 | 836 | 0.01 | 0.03 | 5.04 | 0.01
A00 7 10.70 024 | 055 | 0.13 | 0.00 | 839 | 0.01 | 0.03 | 5.08 | 0.00
A00 8 10.76 029 | 050 | 0.13 | 0.00 | 807 | 0.01 | 0.03 | 493 0.00
A00 9 10.91 0.59 | 045 [ 029 | 0.01 | 826 | 001 | 0.03 | 494 | 0.01
A00 10 11.11 0.81 | 0.31 033 | 001 | 836 | 0.01 | 0.03 | 489 | 0.01
A00 11 11.66 0.76 | 0.10 | 0.21 | 0.00 | 855 | 0.01 | 0.03 | 4.78 | 0.01
A00 12 12.04 0.25 | 0.07 | 0.11 | 0.00 | 842 | 0.01 | 0.02 | 4.62 | 0.01
A05 2 5.18 0.37 | 0.89 | 030 | 2.60 | 836 | 0.20 | 0.03 | 5.59 | 61.07
A0S 3 6.85 038 090 | 0.05 | 281 | 872 | 021 | 0.04 | 5.68 | 64.21
A05 4 7.72 1.40 | 0.64 132 | 0.64 | 6.26 | 0.08 | 0.03 | 3.53 | 27.29
A05 5 9.54 032 088 | 0.18 | 0.00 | 880 | 0.02 | 0.04 | 467 | 0.15
A0S 6 10.52 0.61 | 076 | 0.57 | 0.01 /| 849 | 0.02 | 0.04 | 439 | 0.3l
A05 7 10.72 0.52 | 063 | 042 | 001 | 829 | 0.02 | 0.04 | 420 | 0.22
A05 8 11.16 0.40.| "0.41 0.05°| 0.00- [°8.21"{-0.01"| -0.04 | 4.01 0.06
A0S 9 11.40 0.81 | 028 | 0.11 | 0.00 | 795 | 0.01 | 0.03 | 3.75| 0.14
A05 10 11.51 1.08 | 0.21 0.06 | 0.00 | 817 | 0.01 | 0.03 | 3.68 | 0.11
A05 11 11.64 1.02 | 0.16 | 0.15| 0.00 | 844 | 0.01 | 0.03 | 3.66 | 0.25
A0S 12 11.68 0.68 | 0.13 | 0.03 | 0.00 | 423 | 0.01 | 002 | 1.88 | 0.07
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= 9 Y by . . . = 4
M99 9.2 AN Nduve largniinaNMINAdol Acid neutralization capacity (ﬂ,ummu@

¥iA A, 119819 A10 Lz A15)

o pH pH
NIV 2y o Al Cr Fe Mn Na Ni Pb Sr Zn
(ISUAY) (¥iav)

Al10 2 2.92 1.01 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.01 | 0.00 0.00
Al0 3 4.02 34.65 | 0.74 | 3.15 | 2.75 | 1048 | 0.29 | 0.06 | 4.87 | 232.88
Al0 4 5.82 51.82 | 1.10 | 49.70 | 2.08 | 7.89 | 0.22 | 0.08 | 3.97 | 199.21
Al0 5 7.67 1.03 | 0.82 | 1.56 | 0.40 | 933 | 0.07 | 0.04 | 446 | 12.72
Al10 6 8.52 1.67 | 0.81 | 2.71 | 0.05 | 895 | 0.03 | 0.04 | 4.22 2.52
Al0 7 9.55 0.68 | 0.53 | 093 | 0.01 | 588 | 0.02 | 0.03 | 2.75 0.76
Al0 8 10.07 0.56 | 0.78 | 0.80 | 0.01 | 8.80 | 0.02 | 0.04 | 3.94 0.51
Al10 9 10.28 037 | 0.74 | 037 | 0.01 | 8.69 | 0.02 | 0.04 | 3.75 0.21
Al0 10 10.70 048 | 0.73 | 049 | 0.01 | 856 | 0.02 | 0.04 | 3.55 0.27
Al0 11 11.42 0.61 | 0.26 | 0.29 | 0.00 | 8.19 | 0.01 | 0.03 | 2.76 1.16
Al0 12 12.03 0.65 | 0.16 | 0.62 | 0.01 | 5.14 | 0.01 | 0.02 | 1.39 1.91
Al5 2 3.71 0.45 | 0.01 | 0.01 | 0.01 | 0.14 | 0.01 | 0.02 | 0.09 2.95
AlS 3 3.90 8735 | 0.78 | 1.04 | 3.14 | 11.53 | 0.31 | 0.07 | 491 | 251.89
AlS 4 6.50 1.02 | 0.83 | 1.49 | 2.11 | 1094 | 0.23 | 0.05 | 4.85 | 169.00
AlS 5 9.40 042 1 0.87 | 029 | 0.00 | 10.43 | 0.02 | 0.04 | 4.39 0.52
Al5 6 9.45 045 |°0.76 | 045 ] 0.01 | 10.01°| 0.02 | 0.04 | 4.05 0.77
AlS 7 10.75 0.77 | 0.71 | 0.83 | 0.01 |- 9.81 | 0.02 | 0.04 | 3.95 1.36
Al5 8 10.94 093 | 0.68 | 091 | 0.01 | 9.55 | 0.02 | 0.04 | 3.55 1.58
AlS 9 11.47 142 | 055 | 1.16 | 0.01 | 9.10 | 0.02 | 0.03 | 3.18 2.84
AlS 10 11.61 097 | 049 | 1.14 | 0.01 | 893 | 0.02 | 0.03 | 2.82 4.07
AlS 11 11.63 0.59 | 041 | 0.58 | 0.01 | 881 | 0.01 | 0.03 | 2.55 2.35
AlS 12 11.75 0.01 | 0.00 | 0.01 | 0.00 | 0.14 | 0.01 | 0.01 | 0.02 0.02
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M99 9.3 AN Nduved largniinaINMINAToL Acid neutralization capacity (ﬂ,ummu@

¥ia S, A9 SO0 LA SO5)

v pH pH
98N 2y o Al Cr Fe Mn Na Ni Pb Sr Zn
[N (viag)
S00 2 3.55 104.97 | 0.07 | 630 | 6.11 | 16.52 | 0.41 | 0.15 | 4.78 | 3.59
S00 3 8.00 0.42 0.55 | 0.24 | 0.01 | 16.52 | 0.03 | 0.04 | 4.19 | 0.02
S00 4 10.51 1.04 0.29 | 0.86 | 0.02 | 17.09 | 0.02 | 0.04 | 433 | 0.03
S00 5 10.83 1.40 023 | 1.09 | 0.02 | 17.19 | 0.02 | 0.04 | 432 | 0.03
S00 6 10.99 1.18 0.18 | 0.77 | 0.01 | 17.08 | 0.02 | 0.04 | 422 | 0.04
S00 7 11.08 1.09 0.18 | 0.65 | 0.01 [ 17.06 | 0.02 | 0.04 | 4.18 | 0.08
S00 8 11.12 0.91 0.17 | 043 | 0.01 | 17.08 | 0.02 | 0.03 | 4.20 | 0.03
S00 9 11.19 1.40 0.15 | 0.83 | 0.02 | 17.25 | 0.02 | 0.03 | 4.24 | 0.04
S00 10 11.29 1.17 0.13 | 0.55 | 0.01 | 17.10 | 0.01 | 0.03 | 4.16 | 0.03
S00 11 11.80 0.90 0.06 | 045 | 0.01 | 17.70 | 0.01 | 0.03 | 420 | 0.03
S00 12 12.28 1.16 0.04 | 0.88 | 0.02 | 17.96 | 0.01 | 0.03 | 3.97 | 0.03
S05 2 7.07 0.92 0.78 | 0.70 | 2.99 | 11.56 | 0.27 | 0.04 | 4.28 | 99.05
S05 3 9.36 1.51 0.77 | 1.30 | 0.03 | 12.05 | 0.03 | 0.04 | 421 | 1.56
S05 4 10.35 0.39 0.68 | 0.27 | 0.01 | 12.22 | 0.02 | 0.04 | 424 | 0.23
S05 5 10.44 0.45 0.52 [ 0.29 |/ 001 [-11.98 [-0.02 | 0.04 | 4.08 | 0.30
S05 6 10.81 0.73 041 | 0.52 | 0.01 | 12.04 | 0.02 | 0.03 | 4.08 | 0.44
S05 7 11.04 1.23 0.28 | 0.96 | 0.02 | 12.02-| 0.02 | 0.03 | 4.01 | 0.81
S05 8 11.19 1.03 0.21 | 0.64 | 0.01 | 11.33 | 0.02 | 0.03 | 3.72 | 0.66
S05 9 11.23 1.18 0.20 | 0.75 | 0.01 | 12.08 | 0.02 | 0.03 | 3.92 | 0.74
S05 10 11.33 0.92 0.15 | 0.34 | 0.01 | 12.18 | 0.02 | 0.03 | 3.89 | 0.38
S05 11 11.54 1.12 0.10 | 041 | 0.01 | 11.90 | 0.02 | 0.03 | 3.62 | 0.48
S05 12 12.18 0.49 0.04 | 0.25 | 0.01 | 12.12 | 0.01 | 0.02 | 3.12 | 0.48
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M99 9.4 AN NdUYe TargniinaINMINAToL Acid neutralization capacity (ﬂ,ummuﬁ

¥ia S, 710819 S10 LAz S15)

o pH pH
32813 2y o Al Cr Fe Mn Na Ni Pb Sr Zn
(SuAY) | (viag)

S10 2 245 | 26546 | 2.66 | 157.23 | 532 | 12.29 | 0.41 | 0.41 | 4.23 | 210.22
S10 3 4.48 13.65 | 0.57 8.53 3.83 | 11.10 | 0.35 | 0.06 | 3.91 | 224.65
S10 4 8.92 1.66 0.68 2.50 0.06 | 11.34 | 0.03 | 0.04 | 3.72 3.11
S10 5 10.05 1.24 0.65 1.74 0.03 | 11.05 | 0.02 | 0.04 | 3.42 1.82
S10 6 10.61 1.10 0.61 1.21 0.02 | 10.74 | 0.02 | 0.04 | 3.22 1.43
S10 7 10.63 0.91 0.39 0.96 0.02 | 7.29 | 0.02 | 0.03 | 2.12 1.38
S10 8 10.80 0.34 0.52 0.22 0.00 | 10.22 | 0.02 | 0.03 | 2.85 0.37
S10 9 11.80 1.27 0.24 1.22 0.02 | 10.32 | 0.01 | 0.03 | 2.66 3.73
S10 10 11.98 0.51 0.25 0.39 0.01 | 9.92 | 0.01 | 0.03 | 2.39 1.57
S10 11 12.05 0.54 0.24 0.45 0.01 | 9.85 | 0.01 | 0.03 | 2.32 1.99
S10 12 12.23 0.33 0.13 0.27 0.01 | 6.88 | 0.01 | 0.02 | 0.59 1.37
S15 2 5.00 4.84 0.62 5.27 3.86 | 14.71. | 0.40 | 0.06 | 4.52 | 227.57
S15 3 5.21 2.08 0.55 1.31 3.20 | 12.02 | 0.38 | 0.05 | 4.20 | 240.22
S15 4 7.53 0.85 0.67 1.36 0.89 | 12.89 | 0.11 | 0.04 | 4.05 4.82
S15 5 7.69 0.64 0.70 1.00 0.02.12.54"| 0.02 | 0.04 | 3.80 1.25
S15 6 10.65 0.30 0.57 0.22 0.01 |.12.18 | 0.02 | 0.03 /| 3.63 0.36
S15 Y/ 10.99 0.68 0.24 0.34 0.01 | 11.65 | 0.02 | 0.04 | 3.30 0.89
S15 8 11.54 0.40 0.27 0.28 0.01 | 12.13 | 0.01 | 0.03 | 3.27 0.94
S15 9 11.73 0.76 0.24 0.64 0.01 | 1230 | 0.01 | 0.03 | 3.12 2.36
S15 10 11.93 0.69 0.30 0.73 0.01 | 11.95 | 0.02 | 0.03 | 2.62 3.24
S15 11 12.02 0.86 0.30 0.94 0.02 | 11.31 | 0.01 | 0.03 | 2.23 4.35
S15 12 12.31 0.24 0.19 0.15 0.00 | 10.59 | 0.01 | 0.02 | 0.69 1.78
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4 vAa o 1 9y < a <
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o AT
AIVYN 0.25 1 2.25 4 9 16 36 64
(%) Mva Mvb
days | days days | days | days | days | days | days

A00 | DI 9.54 0.01 | 0.01 | 0.02 [ 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.00 | 0.05
A05 | DI 10.73 0.03 | 0.02 | 0.05 | 0.01 | 0.01 | 0.01 | 0.01 | 0.02 | 0.01 | 0.08
Al10 | DI 15.03 0.143 | 0.087 | 0.230 | 0.053 | 0.066 | 0.034 | 0.021 | 0.019 | 0.029 | 0.222
Al5 | DI 16.08 0.093 | 0.055 | 0.149 | 0.019 | 0.022 | 0.003 | 0.007 | 0.031 | 0.006 | 0.087
A00 | AR 9.98 0.015 | 0.043 | 0.058 | 0.007 | 0.019 | 0.016 | 0.010 | 0.018 | 0.005 | 0.074
AO05 | AR | 10.56 | 0.052 | 0.041 | 0.093 | 0.029 | 0.022 | 0.022 | 0.012 | 0.031 | 0.011 | 0.127
Al10 | AR 14.52 0.093 | 0.104 | 0.197 | 0.043 | 0.064 | 0.030 | 0.021 | 0.033 | 0.012 | 0.203
Al5 | AR 15.04 0.147 | 0.111 | 0.259 | 0.178 | 0.079 | 0.050 | 0.057 | 0.056 | 0.031 | 0.450
S00 | DI 10.25 0.009 { 0.022 | 0.031 | 0.009 | 0.011 [ 0.005 | 0.008 | 0.008 | 0.009 | 0.050
S05 | DI 11.40 | 0.041 | 0.028 | 0.069 | 0.013 | 0.021 | 0.028 | 0.014 | 0.017 | 0.021 | 0.113
S10 | DI 14.24 0.026 | 0.020| .0.047 [ 0.013 | 0.019 0.011| 0.012 | 0.016 | 0.009 | 0.080
S15 | DI 16.56 0.126 | 0.015 | 0.141 | 0.016 | 0.266|.0.007 | 0.026 | 0.033 | 0.015 | 0.364
S00 | AR | 10.23 | 0.011 | 0.018 | 0.029 | 0.014 | 0.023 | 0.011 | 0.008 | 0.018 | 0.011 | 0.086
S05 | AR | 11.19 | 0.038 | 0.034 | 0.072 | 0.018 | 0.034 | 0.019 | 0.015 | 0.019 | 0.020 | 0.125
S10 | AR 13.86 0.031 | 0.040 | 0.070 | 0.103 | 0.025 | 0.060 | 0.023 | 0.022 | 0.022 | 0.256
S15 | AR 14.61 0.051 | 0.159 | 0.210 | 0.028 | 0.063 | 0.028 | 0.046 | 0.028 | 0.032 | 0.225




M9 2.2 HaNSIAAINEY IUNMSNATOUNTTLALAYTLIZE1)

PV pH
MNIVYN
0.25 days 1 days 2.25 days 4 days 9 days 16 days 36 days 64 days

A00 DI 12.1 12.0 12.1 12.1 12.1 12.0 12.2 11.5
A05 DI 12.0 12.0 12.1 12.2 12.1 12.0 12.3 11.7
A10 DI 11.7 11.7 11.9 12.1 12.0 11.9 12.2 11.7
Al5 DI 11.1 11.2 11.5 12.0 12.0 11.9 12.1 1.7
A00 | AR 11.9 12.0 12.0 12.1 12.0 11.8 12.2 11.6
AO05 | AR 11.8 11.9 N9 12.1 12.0 11.9 12.2 11.6
Al0 | AR 11.6 11.8 11.9 12.0 12.0 11.9 12.3 11.7
Al5 | AR 11.5 11.6 11.6 11.6 11.5 11.9 12.1 11.7
S00 DI 12.1 11201 12.2 19x2, 12.2 12.0 12.3 11.7
S05 DI 12.1 121 12.2 12.3 12.3 12.2 12.5 11.9
S10 DI 11.5 11.6 11.7 12.0 12.0 11.9 12.2 11.6
S15 DI 11.2 11.5 11.6 11.9 12.0 11.9 12.1 11.7
S00 | AR 12.0 12.0 11.9 12.1 Tegl 12.0 12.4 11.7
S05 | AR 12.0 12.0 12.1 129 12.1 12.0 12.4 11.8
S10 | AR 11.7 11.5 11.6 12.0 12.0 11.8 12.1 11.5
S15 | AR 11.5 11.5 11.6 11.5 11.7 11.9 12.1 11.6

A195197 9.3 Wan133A Oxidation-Reduction Potential TUMsNAdoUMI VLA A105Z0Z01)

) ORP (mV)
MY
0.25 days 1 days 2.25 days 4 days 9 days 16 days 36 days 64 days

A00 DI -292 -286 =293 -293 -290 -285 -298 -299
A05 DI -288 -286 -292 -299 -295 -290 -304 -308
Al0 DI -273 -278 -283 -289 -286 -284 -299 -306
Als DI -243 -265 -294 -294 -269 -279 -293 -303
A00 AR -282 -285 -286 -292 -291 =280 -298 -300
A0S AR =277 =277 -282 -289 -285 -281 -299 -301
Al0 AR -267 -275 -281 -284 =282 -280 -300 -306
AlS AR -260 -268 -287 =295 -286 -281 -292 -303
S00 DI -286 -282 -291 -294 -295 -288 -303 -308
S05 DI -292 -292 -296 -304 -303 -297 -313 -319
S10 DI -260 -274 -281 -285 -284 -282 -297 -298
S15 DI -261 -297 -296 -304 -301 -282 -293 -301
S00 AR -283 -281 275 -291 -293 -286 -305 -305
S05 AR -288 -283 -280 -295 -290 -288 -308 -310
S10 AR -252 -259 -267 -279 -282 -275 -292 -296
S15 AR -263 -276 -263 -295 -278 -284 -289 -298
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Conductivity (micro S/cm)
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M08
0.25 days 1 days 2.25 days 4 days 9 days 16 days 36 days 64 days
A00 DI 1322 1142 1315 1558 1499 1342 1813 1397
A05 DI 1212 1248 1473 1944 1820 1797 2598 2143
A10 DI 808 897 1035 1290 1355 1371 2035 1882
Al5 DI 407 657 635 1537 1325 1285 1989 1926
A00 AR 995 985 1313 1481 1424 1242 1928 1628
A05 AR 969 1072 1199 1417 1301 1227 1920 1547
Al0 AR 684 814 921 1203 1234 1206 2024 2013
AlS AR 498 635 1584 1650 1625 1331 1954 1819
S00 DI 1199 1160 1354 1651 1769 1674 2494 1984
S05 DI 1562 1594 1792 2'S 2412 2404 3818 3404
S10 DI 648 664 809 1099 1161 1221 1811 1595
S15 DI 482 635 685 1571 1138 1288 1924 1828
S00 AR 1096 1098 1013 1314 1533 1411 2353 2043
S05 AR 1254 1124 1215 1673 1882 1607 2747 2637
S10 AR 508 515 570 1051 1176 1008 1655 1607
S15 AR 503 573 576 1638 1657 1201 1892 1797
M3130 2.5 HaMsIngun Yl lUMINATo NI AL 18T LE2e17
o Temperature (C)
[T GIIAN]
0.25 days 1 days 2.25 days 4 days 9 days 16 days 36 days 64 days
A00 DI 25.9 24.1 23.7 25.9 24.8 25.7 25.5 26.2
A05 DI 25.9 24.5 24.1 25.8 254 25.5 25.6 26.3
Al10 DI 25.8 24.8 242 25.7 253 25.5 25.5 26.3
AlS DI 25.7 25.9 25.6 25.8 25.7 26.8 27.0 275
A00 AR 26.0 25.1 24.7 25.1 24.8 25.7 25.6 26.5
A05 AR 27.0 254 24.8 25.4 24.8 26.0 25.7 26.7
Al10 AR 25.8 252 2438 25.0 24.5 257 25.7 26.7
Al5 AR 26.9 25.4 248 253 252 26.8 27.2 27.5
S00 DI 25.6 243 245 25.6 25.7 25.7 25.1 26.5
S05 DI 25.6 24.6 24.7 254 25.6 26.1 25.1 26.6
S10 DI 25.6 24.8 24.6 25.5 25.6 25.4 249 26.5
S15 DI 26.2 25.7 253 25.6 253 26.8 26.9 27.3
S00 AR 26.1 25.2 24.5 24.7 25.6 25.5 25.6 26.6
S05 AR 26.1 25.5 25.0 24.6 25.2 25.5 25.8 26.7
S10 AR 26.0 24.9 24.8 24.6 25.0 25.5 25.8 26.5
S15 AR 27.3 25.1 253 25.5 253 26.5 27.2 27.5
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A00DI0.25-A05DI164)

f10814 1A Al Cr | Fe Na Ni | Pb St | Zn
A00DI 0.25 0.25 1.668 | 0.031 | 0.101 | 15.851 | 0.030 | 0.106 | 0.989 | 0.036
A00DI 1 1 2.968 | 0.027 | 0.043 | 8.747 | 0.030 | 0.100 | 1.253 | 0.031
A00DI 2.25 2.25 3.391 | 0.022 | 0.075 | 7.015 | 0.028 | 0.113 | 1.254 | 0.102
A00DI 4 4 4.196 | 0.024 | 0.039 | 9.856 | 0.030 | 0.095 | 1.502 | 0.044
A00DI 9 9 5.104 | 0.024 | 0.039 | 11.997 | 0.028 | 0.109 | 1.606 | 0.073
A00DI 16 16 5126 | 0.021 | 0.049 | 9.496 | 0.033 | 0.104 | 1.493 | 0.048
A00DI 36 36 8.375 | 0.024 | 0.037 | 20.890 | 0.028 | 0.115 | 2.656 | 0.054
AO00DI 64 64 2.802 | 0.007 | 0.013 | 8.139 | 0.014 | 0.051 | 0.850 | 0.005
AOOAR 0.25 0.25 1.427 | 0.036 | 0.121 | 11.069 | 0.033 | 0.106 | 1.064 | 0.046
AOOAR 1 1 3.033 | 0.034 | 0.093 | 8.020 | 0.032 | 0.112 | 1.384 | 0.035
AOOAR 2.25 2.25 3.345 | 0.031 | 0.079 | 6.198 | 0.030 | 0.096 | 1.244 | 0.046
AOOAR 4 4 42271 0.031 | 0.047 | 8.617 | 0.030 | 0.110 | 1.456 | 0.034
AOOAR 9 9 5.272 1 0.031 | 0.047 | 10.819 | 0.029 | 0.102 | 1.765 | 0.043
AOOAR 16 16 5.194 | 0.024 | 0.041 | 8.466 | 0.027 | 0.101 | 1.533 | 0.043
AOOAR 36 36 7.556 | 0.028 | 0.041 | 19.252 | 0.027 | 0.104 | 2.923 | 0.034
AOOAR 64 64 3.673 | 0.010 | 0.019 | 8.134 | 0.018 | 0.056 | 1.363 | 0.013
A05DI 0.25 0.25 1.6191°0.017 | 0.061 | 14.186 | 0.032 | 0.105 | 1.537 | 0.187
AO05DI 1 1 2138 1°0.022 |.0.038 | 11.604 | 0.030 | 0.101 | 1.840 | 0.173
AO05DI 2.25 2.25 2.699.| 0.018.|-0.051-| 10.257| 0.032-| 0.100 | 1.701 | 0.185
A05DI 4 4 3.631 [ 0.020 | 0.031 | 12.988 | 0.029 | 0.104 | 1.946 | 0.146
A05DI 9 9 4.616 | 0.021 | 0.038 | 14.061 | 0.030 | 0.101 | 2.215 | 0.291
A05DI 16 16 5.461 | 0.019 | 0.047 | 11.613 | 0.028 | 0.106 | 2.096 | 0.224
A05DI 36 36 7.336 | 0.023 | 0.035 | 21.505 | 0.035 | 0.108 | 3.996 | 0.423
A05DI 64 64 2.742 1 0.009 | 0.014 | 6.173 | 0.014 | 0.050 | 1.265 | 0.157
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f10814 1A Al Cr | Fe Na Ni | Pb St | Zn
AO5AR 0.25 0.25 1.707 | 0.025 | 0.137 | 11.458 | 0.034 | 0.093 | 1.415 | 0.315
AO5AR 1 1 2.192 | 0.032 | 0.103 | 10.934 | 0.027 | 0.103 | 1.798 | 0.200
AO5AR 2.25 2.25 2.746 | 0.026 | 0.090 | 9.646 | 0.030 | 0.101 | 1.479 | 0.158
AO5AR 4 4 3.596 | 0.032 | 0.226 | 12.982 | 0.029 | 0.101 | 1.654 | 0.184
AO5AR 9 9 4.415 | 0.029 | 0.077 | 15.196 | 0.034 | 0.108 | 2.098 | 0.181
AO5AR 16 16 4.624 | 0.023 | 0.052 | 11.530 | 0.035 | 0.108 | 1.833 | 0.077
AO5AR 36 36 6.250 | 0.026 | 0.046 | 20.316 | 0.034 | 0.113 | 3.565 | 0.248
AO5AR 64 64 2.928 | 0.009 | 0.020 | 6.031 | 0.016 | 0.055 | 1.491 | 0.097
A10DI 0.25 0.25 2.006 | 0.129 | 0.140 | 20.075 | 0.033 | 0.106 | 0.259 | 0.543
A10DI 1 1 1.787 | 0.107 | 0.181 | 16.621 | 0.029 | 0.100 | 0.484 | 0.624
A10DI 2.25 2.25 1.892 | 0.085 | 0.107 | 10.775 | 0.032 | 0.105 | 0.573 | 0.414
A10DI 4 4 2.457 1 0.104 | 0.069 | 7.949 | 0.031 | 0.103 | 0.711 | 0.220
A10DI 9 9 3,183 | 0.122 | 0.099 | 3.508 | 0.034 | 0.100 | 0.859 | 0.517
A10DI 16 16 3.330 | 0.120 | 0.076 | 0.922 | 0.034 | 0.104 | 0.764 | 0.472
A10DI 36 36 3.835 | 0.221 | 0.068 | 1.142 | 0.034 | 0.109 | 1.213 | 0.945
A10DI 64 64 1.511 | 0.060 | 0.014 | 0.605 | 0.014 | 0.046 | 0.407 | 0.187
A10AR 0.25 0.25 2.78310.099 | 0.220 | 17.108 | 0.034 | 0.121 | 0.281 | 0.977
A10AR 1 1 1.528 1.0.122 |.0.215 | 19.643 | 0.033 | 0.113 | 0.483 | 0.459
A10AR 2.25 2.25 1.425.] 0.108.|-0.195.| 12.034 | 0.034.| 0.105.| 0.542 | 0.456
A10AR 4 4 1.983 [ 0.129 | 0.272 | 9:121 | 0:033 | 0.114 | 0.644 | 0.486
A10AR 9 9 2.603 | 0.169 | 0.265 | 4.077 | 0.037 | 0.102 | 0.800 | 0.397
A10AR 16 16 2.743 | 0.151 | 0.081 | 0.985 | 0.032 | 0.111 | 0.777 | 0.135
A10AR 36 36 2.887 | 0.292 | 0.144 | 1.371 | 0.030 | 0.111 | 1.271 | 0.888
A10AR 64 64 1.506 | 0.138 | 0.021 | 0.530 | 0.016 | 0.053 | 0.528 | 0.328
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A15DI0.25-A15AR64)

f10814 1A Al Cr | Fe Na Ni | Pb St | Zn
A15DI 0.25 0.25 2.134 | 0.091 | 0.140 | 14.140 | 0.031 | 0.100 | 0.189 | 0.959
A15DI 1 1 2.540 | 0.253 | 0.123 | 29.669 | 0.026 | 0.096 | 0.404 | 0.908
A15DI 2.25 2.25 1.566 | 0.169 | 0.057 | 14.668 | 0.024 | 0.115 | 0.337 | 0.436
A15DI 4 4 2.010 | 0.218 | 0.119 | 15.904 | 0.030 | 0.095 | 0.537 | 0.716
A15DI 9 9 2.378 | 0.253 | 0.077 | 11.735 | 0.024 | 0.102 | 0.938 | 0.968
A15DI 16 16 2.684 | 0.120 | 0.060 | 1.614 | 0.031 | 0.096 | 0.761 | 0.482
A15DI 36 36 2.575 | 0.222 | 0.075 | 1.608 | 0.035 | 0.104 | 1.299 | 1.206
A15DI 64 64 2.868 | 0.170 | 0.050 | 0.584 | 0.035 | 0.101 | 1.100 | 1.169
A15AR 0.25 0.25 3.155 | 0.109 | 0.298 | 14.610 | 0.028 | 0.119 | 0.264 | 1.804
Al5AR 1 1 1.832 { 0.180 | 0.302 | 21.444 | 0.030 | 0.079 | 0.500 | 1.427
A15AR 2.25 2.25 1.394 | 0.131 | 0.407 | 9.030 | 0.038 | 0.108 | 0.405 | 1.569
Al15AR 4 4 2.029 | 0.165 | 0.525 | 9.511 | 0.036 | 0.079 | 0.626 | 2.205
Al15AR 9 9 2.317 | 0.295 | 0.275 | 6.429 | 0.035 | 0.099 | 0.917 | 1.598
AI5AR 16 16 2.344 |1 0.210 | 0.144 | 1.283 | 0.029 | 0.087 | 0.756 | 0.345
A15AR 36 36 2.504 | 0.406 | 0.208 | 1.439 | 0.031 | 0.088 | 1.201 | 1.284
A15AR 64 64 2.524 1 0.349 | 0.104 | 0.407 | 0.034 | 0.108 | 1.016 | 1.103
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f10814 1A Al Cr | Fe Na Ni | Pb St | Zn
S00DI 0.25 0.25 1.589 | 0.013 | 0.075 | 22.044 | 0.031 | 0.121 | 0.907 | 0.076
S00DI 1 1 2.750 | 0.012 | 0.045 | 15.867 | 0.032 | 0.107 | 1.029 | 0.042
S00DI 2.25 2.25 3.030 | 0.010 | 0.052 | 16.295 | 0.031 | 0.105 | 1.108 | 0.040
S00DI 4 4 3.939 | 0.011 | 0.031 | 20.124 | 0.030 | 0.102 | 1.329 | 0.028
S00DI 9 9 4.894 | 0.010 | 0.027 | 22.246 | 0.034 | 0.116 | 1.466 | 0.031
S00DI 16 16 5.286 | 0.010 | 0.041 | 20.333 | 0.031 | 0.106 | 1.552 | 0.052
S00DI 36 36 7.880 | 0.012 | 0.033 | 39.409 | 0.031 | 0.117 | 3.001 | 0.037
S00DI 64 64 2.815 | 0.004 | 0.049 | 11.691 | 0.013 | 0.048 | 0.977 | 0.188
SO00AR 0.25 0.25 1.463 | 0.016 | 0.076 | 19.006 | 0.032 | 0.121 | 1.075 | 0.075
SO00AR 1 1 2.617 | 0.023 | 0.066 | 13.782 | 0.026 | 0.110 | 1.207 | 0.024
SO00AR 2.25 2.25 2.978 | 0.018 | 0.095 | 12.053 | 0.028 | 0.100 | 1.017 | 0.039
SO00AR 4 4 3.698 | 0.020 | 0.060 | 16.427 | 0.030 | 0.105 | 1.281 | 0.027
SO00AR 9 9 4.875 1 0.022 | 0.041 | 20.187 | 0.034 | 0.098 | 1.667 | 0.043
SO00AR 16 16 4997 | 0.013 | 0.043 | 16.560 | 0.034 | 0.100 | 1.542 | 0.044
SO00AR 36 36 7.297 | 0.019 | 0.061 | 35.042 | 0.031 | 0.103 | 3.109 | 0.068
SO00AR 64 64 3.354 | 0.008 | 0.023 | 11.702 | 0.016 | 0.059 | 1.441 | 0.040
S05DI 0.25 0.25 0.946 1 0.013 | 0.039 | 19.996 | 0.027 | 0.107 | 1.569 | 0.209
S05DI 1 1 1.730 1 0.016 |.0.030 | 15.223 | 0.029 | 0.103 | 1.850 | 0.205
S05DI 2.25 2.25 2417 0.015.|-0.047.| 12.351| 0.030-| 0.107 | 1.670 | 0.223
S05DI 4 4 3474 1 0.017 | 0.031 | 15.621 | 0.034 | 0.105 | 2.021 | 0.268
S05DI 9 9 4.469 | 0.020 | 0.030 | 16.589 | 0.032 | 0.102 | 2.238 | 0.246
S05DI 16 16 4.842 | 0.019 | 0.042 | 13.744 | 0.033 | 0.103 | 2.132 | 0.379
S05DI 36 36 6.430 | 0.027 | 0.036 | 25.056 | 0.035 | 0.121 | 4.174 | 0.762
S05DI 64 64 2.545 | 0.010 | 0.020 | 6.478 | 0.014 | 0.048 | 1.338 | 0.263
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f10814 1A Al Cr | Fe Na Ni | Pb St | Zn
SO5AR 0.25 0.25 1.001 | 0.018 | 0.057 | 15.774 | 0.037 | 0.092 | 1.409 | 0.181
SOSAR 1 1 1.670 | 0.029 | 0.051 | 14.285 | 0.030 | 0.100 | 1.698 | 0.124
SO5AR 2.25 2.25 2.088 | 0.025 | 0.097 | 10.750 | 0.023 | 0.102 | 1.488 | 0.131
SOSAR 4 4 2.963 | 0.025 | 0.239 | 13.473 | 0.033 | 0.094 | 1.810 | 0.300
SO5AR 9 9 3.725 | 0.028 | 0.101 | 15.202 | 0.032 | 0.102 | 2.205 | 0.216
SO5AR 16 16 3.962 | 0.022 | 0.045 | 11.909 | 0.028 | 0.099 | 1.918 | 0.124
SO5AR 36 36 5.080 | 0.024 | 0.037 | 22.894 | 0.027 | 0.109 | 3.706 | 0.454
SO05AR 64 64 2.756 | 0.008 | 0.021 | 6.835 | 0.018 | 0.048 | 1.514 | 0.151
S10DI 0.25 0.25 1.364 | 0.345 | 0.072 | 33.785 | 0.031 | 0.105 | 0.174 | 0.265
S10DI 1 1 1.895 | 0.164 | 0.051 | 17.401 | 0.027 | 0.103 | 0.392 | 0.233
S10DI 2.25 2.25 1.976 | 0.110 | 0.059 | 10.884 | 0.031 | 0.104 | 0.526 | 0.240
S10DI 4 4 24131 0.110 | 0.045 | 9.672 | 0.035 | 0.099 | 0.719 | 0.233
S10DI 9 9 2.766 | 0.104 | 0.032 | 5.989 | 0.031 | 0.109 | 0.823 | 0.169
S10DI 16 16 2.775 | 0.084 | 0.048 | 2.672 | 0.034 | 0.101 | 0.864 | 0.330
S10DI 36 36 3.484 | 0.144 | 0.039 | 3.451 | 0.034 | 0.112 | 1.642 | 0.647
S10DI 64 64 1.443 | 0.040 | 0.016 | 1.222 | 0.013 | 0.049 | 0.529 | 0.194
S10AR 0.25 0.25 2.48510.176 | 0.152 1 21.901 | 0.035 | 0.093 | 0.206 | 0.730
S10AR 1 1 1.718 1.0.133 |.0.129 | 17.224 | 0.035 | 0.097 | 0.428 | 0.460
S10AR 2.25 2.25 1.613-] 0.109.|-0.164-| 10.475 | 0.032-| 0.103.|.0.503 | 0.396
S10AR 4 4 2189 [ 0.111 | 0.275 | 92225 | 0.030 | 0.101 | 0.648 | 0.584
S10AR 9 9 2.481 | 0.132 | 0.204 | 5.808 | 0.036 | 0.101 | 0.795 | 0.433
S10AR 16 16 2.450 | 0.107 | 0.073 | 2.561 | 0.028 | 0.099 | 0.780 | 0.081
S10AR 36 36 2.962 | 0.195 | 0.100 | 3.616 | 0.031 | 0.112 | 1.479 | 0.489
S10AR 64 64 1.501 | 0.108 | 0.027 | 1.183 | 0.018 | 0.055 | 0.596 | 0.270
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f10814 1A Al Cr | Fe Na Ni | Pb St | Zn
S15DI 0.25 0.25 2.693 | 0.065 | 0.193 | 12.985 | 0.021 | 0.107 | 0.186 | 1.059
S15DI 1 1 2.274 | 0.220 | 0.065 | 29.660 | 0.039 | 0.122 | 0.430 | 0.727
S15DI 2.25 2.25 1.514 | 0.155 | 0.052 | 15.012 | 0.033 | 0.102 | 0.376 | 0.403
S15DI 4 4 1.943 | 0.199 | 0.099 | 15.239 | 0.039 | 0.121 | 0.567 | 0.585
S15DI 9 9 2.384 | 0.239 | 0.119 | 11.032 | 0.045 | 0.097 | 0.984 | 0.963
S15DI 16 16 2.639 | 0.114 | 0.095 | 1.690 | 0.031 | 0.106 | 0.762 | 0.663
S15DI 36 36 2699 | 0.217 | 0.113 | 1.645 | 0.029 | 0.112 | 1.300 | 1.106
S15DI 64 64 3283 | 0.164 | 0.141 | 0.659 | 0.031 | 0.106 | 1.076 | 1.231
S15AR 0.25 0.25 3.096 | 0.057 | 0.142 | 13.674 | 0.037 | 0.103 | 0.242 | 0.879
S15AR 1 1 1.848 | 0.125 | 0.289 | 21.550 | 0.029 | 0.091 | 0.526 | 1.307
S15AR 2.25 2.25 1.324 | 0.090 | 0.172 | 9.610 | 0.034 | 0.096 | 0.417 | 0.630
S15AR 4 4 1.987 | 0.126 | 0.260 | 10.433 | 0.029 | 0.105 | 0.704 | 1.270
S15AR 9 9 2.472 1 0.211 | 0.141 | 7.186 | 0.036 | 0.085 | 0.990 | 0.907
S15AR 16 16 2.516 | 0.141 | 0.087 | 1.275 | 0.031 | 0.097 | 0.783 | 0.321
S15AR 36 36 2.532 |1 0.272 | 0.094 | 1.669 | 0.031 | 0.106 | 1.307 | 0.978
S15AR 64 64 2.798 |1 0.235 |1 0.079 | 0.513 | 0.032 | 0.096 | 1.128 | 0.953
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Foreword

This standard is for use with the Environment Agency’s guidance on sampling and testing of wastes to
determine acceptance at landfill, It relates to the determination of the leaching of inorganic
components from moulded or monolithic materials using the diffusion test, It is often referred to as the
tank test,

The Environment Agency has issusd a separate standard for the determination of the maximum
potentizl for leaching of inorganic components from granular waste materials,

The purpose of this diffusion test is to determine the leaching of inorganic components from moulded
and monolithic materials under aerobic conditions. Other parameters that can be deduced from the
test include the extent of surface rinsing and the sffective diffusion coefficient that can be used to
astimate the lzaching over longer periods.

The diffusion test is not suitable for materals that are soluble during the timsscale of the test,
Criteria are set out for this,

This standard is based on a translation of the Dutch leaching characterisation standard NEN 7375
(2004)°. An earlier diffusion test for building materials and wastes was developed in 1995 as NEN
7345%. The most important differences between NEN 7375 and NEN 7345 are summarised in Annex B.
Europzan standards for the characterisation of wastes are being developed under the auspices of CEN
Technical Committee 2927, znd this standard will be superseded in time by one or more of the
CEN/TC 292-derived standards.
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Dutch., It would also like to acknowledge the considerable technical advice received from Dr Kathy
Lewin and her colleagues at WRe plc and assistance from David Hall and his colleagues at Golder
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! es also Guidance on Sampling and Testing of Wastes to mest Landfill Waste Acceptance Procedures, 2005,

* Leaching characteristics — Debarminaticn of the leaching of incrganic components from moulded ar manolithic materials with
the diffusion test — Solid earthy and stony materials,

* WEN 7345: 1955 Leaching characheristics of solid sarthy and stony building and waste materials. Determination of the
availability of inorganic companants for leaching.

4 Comité Europeén de Mormalisation (European Standards Organisation ),
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1. Scope

This document provides 2 test for the determination of the leaching of inorganic components from
mouldad or monolithic materals using the diffusion test (the tank test).

A list of materials for which the applicability of the method has been tested, and for which the
precision in terms of repeatability and reproducibility has been determinad, is given in Annex 4.

2. Related standards

Reference is made to the following standards (and, in brackets, UK 'Blue book” (Methods for the
Examination of Waters and Associated Materials, HMS0O) eguivalent test methods) that should be
adopted when using this interim guidance.

150 10523:1994 Water Quality — Determination of pH

(The measurement of Electrical Conductivity and the Laboratory
Determination of the pH value of Natural, Treated and Waste watars.
Standing Committee of Analysts, HMSO, 1978).

IS0 7888:1985 Water Quality — Determination of electrical conductivity

(The measurement of Electrical Conductivity and the Laboratory
Determination of the pH wvalue of Natural, Treated and Waste waters.
Standing Committee of Analysts, HMSO, 1978).

IS0 5667-3:2003 Water Quality — Sampling — Part 3:  Guidance on the preservation and
handling of water samples.

BS EN 13370:2003 Characterisation of waste — Analysis of eluates —"Determination of
Ammonium, 40X, conductivity, Hg, phenal index, TOC, easily liberatable CN
and F.

BS EN 12506:2003 Characterisation of waste — Analysis of eluates — Determination of pH, As, Ba,
d, CI', Cr VI, Cu, Mo, Ni, NOz, Pb, total 5, SO4%, V and Zn.

EA NEN 7371:2004 Environment Agency standard based on a translation of the Nestherdands
MNormalisation Institute standard - Leaching characteristics of granular building

EA NEN 7375: 2004
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and waste materials., The determination of the availability of inorganic
components for leaching.,  Available from Environment Agency website,

3. Principles

The purpose of this diffusion test is to simulate the leaching of inorganic components from moulded
and monolithic materials under asrobic conditions as a function of time over a peried of 64 days.

The test determinas the nature and properties of the material matrix under investigation by placing a
complete sample in a leaching fluid (demineralised, pH neutral water) and replenishing the eluate at
specified times. The concentrations of the leached components in the successive eluate fractions are
measured. The pH value at which leaching takes place is determined by the material itsalf,

On the basis of the diffusion test results, the leached quantity per unit area can be calculated for =ach
component analysed. Parameters can be deduced from the development of the release of components
over time, including the extent of surface rinsing and the affective diffusion coefficient that can be usad
to estimate the leaching over longer periods.

4. Test pieces

The diffusion test requires at least one test piecs, the structure, homogeneity and composition of which
are representative for the material or product to be tested. The smallest dimension of this test piece (P)
must be greater than 40 mm and the volume (13 in litres must be known.

If the material to be tested is produced in 2 product format of which the smallest dimension is less than
40 mm, then this product may only be used as a test piece i one side has a geometric surface area 4 of
at least 75 cm?.

NOTES:

1. To increase the representivity of material under test, it is acceptable to aggregate a number of pieces from a
batch for the diffusion test. The velume (F,) and the geometric surface area A is then taken as the total
volume and total geometric surface area of the collective pisces.

2. If the diffusion test is being undertaken to determine the effective diffusion coefficient and/or the emission
per unit mass, an extra test piece is required for an availability test. The mass () in kg and the density (o)
in kg/m® of test piece must then be known.

5. Reagents

5.1 Demineralised Water
Demineralised water with a maximum conductivity of 1 uSfcm.

5.2  Nitric acid

Mitric acid of analytically pure quality at a concentration dHNO;) of 1 + 0.1 mol/l.

6. Apparatus and Equipment

The materials and equipment mentionasd below must be checked before use to ensure their proper
operation and absence of interferencaes that may affect the test results. They must not emit or absorb
any of the components to be determined in the eluate.

The apparatus listed under 6.5 and 6.6 must be calibrated.

EA MEN 7375: 2004
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6.1 Sealable tank or bucket

Sealable tank or bucket of plastic without softening agents of volume between two and five times the
volume F; and of dimensions such that the test piece is surrounded by at least 2 cm of water on zll
sides.

NOTES:
1. The tank must contain a supporting construction of plastic such that the test piece is surrounded by liguid on
all sides. The test piece can also be suspended on a plastic wire from the lid of the tank or bucket.

2, If the surface of the test piece is partly covered with an impervious layer, use a quantity of water (in [}
between 50 and 200 times the area (in m?) of the uncoverad part of the surface of the test pisce.

6.2 Fiftration egquipment

Filtration equipment suitable for filtration at high or low pressure which is consecutively rinsed with
nitric acid (5.2) and demineralised water (5.1).

6.2 Membrane filters

Membrane filters for the filtration eguipment (6.2) which have not been previously used, with a pore size
of 0.45 pm.

6.4 Storage bottles

Sealable plastic storaoe befiles.

6.5 pH meter

pH meter calibrated in accordance with IS0 10523, with a measurement accuracy better than + 0,05 pH
units.

a.6 Conductivity meter

Conductivity meter calibrated in accordance with ISO 7888, with 3 readout accuracy better than £ 1%.

6.7 Measuring beaker or balance

& measuring flask with 2 measurement capacity of at least six times the volume I of the test piece and
2 measuremsant accuracy better than £ 1%, or a balance with a capacity of at least three times the
waight of the test piece and a measurement accuracy better than = 0.1%.

7. Method
The diffusion test is underiaken by successively:
- establishing the reguirements for the eluate samples to be analysed in accordance with 7.1;

- determining the geometric area of the test piece intended for the diffusion test in accordance with
1.2;

- performing the diffusion test according to 7.3;

- analysing the sluate according to 7.4.

7.1 Eluate samples

Detzrmine the quantity of eluate needed to analyse the leached components and the way in which the
eluata samples must be stored through the following steps:

a) identify for what components, and by what methods, analyses are to be carried out;

b} check for sach component to be analysed whether the eluate will require preservation, and the
requirements for this preservation;

¢} detarmine in the light of the above the minimum quantity of eluate necessary for each component
to be analysad.

EA NEMN 7375: 2004
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In undertaking the above, bear in mind that in order to determine whether the matrix is dissolving it
may be necessary to analyse all eluate fractions for Ca, Cl and S04 Certzinty over this is only
achigved after completion of the enfire test (see 7.4).

NOTE:

To prevent changss in the eluate through physical, chemical or biological reactions, the eluate samples must be
preserved and stored as well as possible. Guidelines for surface water and wastewater samples have besn
developed in IS0 5667-3. It is recommended that these guidelines be followed for the conservation and storage
of eluates.

7.2 Determination of geometric area A of the test piece

The area of the test piece is determined by measurement of the characteristic parametzrs of the
geometric surface area.

A distinction is made between:

a) test pieces with a regular, clearly determinable geometric area;

b) test pieces with a completely or partly irregular geometric surface or test pieces that are thinner
than 40 mm;

c) test pieces where no regular side can be determined.
The geometric area of test pieces in a) must be determined according to 7.2.1 if these test pieces

have a minimum dimension of mare than 40 mm in all directions measured perpendicular at any point
on the surface,

The geometric area of test piecas in b) must be detarminad according to 7.2.2.

The geometric surface area of test pieces ) must be determined in accordance with 7.2.3.

NOTE:

For accurate determination of the diffusion coefficient, it is necessary to determine the geometric area of a test
piece precisely and clearly. For this, test pieces or parts of test pieces must be studied for which the geometric
area is easy to dstermine. In most situations, suitable test pieces can be found. Section 7.2.1 describes the
conditions and procedure for the determination of area. The procedure for selection and determination of usable
areas of test pieces iz more complex for test pieces with a (partly) irregular surface. The procedures for this are
given in 7.2.2 and 7.2.3 respectively, For further information, see Annex C.

7.2.1 Regular test pieces for which the entire geometric area is datermined

Detarmination of the geometric area of a regular test piece for which the geometric area of the entire
test piece can be measured clearly.

1. Divide the surface of the test piece inta 3 number of flat er curved parts (units) such that the area of
each unit can be calculated gzometrically from characteristic values measurad such as length, width,
height and radius.

2. The units specified under 1 must be selected such that the distance between the defined geometric
areas and the material is never greater than 3 mm.

3. Determing the length of the characteristic values with an accuracy of better than 1 mm.

4. Using the characteristic units measured, calculate the geometric area of each of the units selected.
The geometric area 4 expressed in m* is the sum of the areas calculatad for each of the units.

7.2.2 Determination of the geometric area of test pieces with a partly covered suiface

Determination of the geometric area of a test pizce for which:

2) the entire geometric area cannot be maasured clearly;

EA MEN 7375: 2004
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b} one or more sides have been produced by sawing or drilling the test piece from a larger element,

4

1.

and where these sides should not subjacted to leaching;

one dimension is less than 40 mm.

Cover the parts of the surface:
a) for which the geometric area cannot be clearly determined, using a waterproof layer;
b} that have been produced as sawn or drilled surfaces, using a watsrproof layer;

c) of a thin test piece (with a thickness of 40 mm or less), using a waterproof laysr such that the
uncovered units of the geometric area never have a mutual distance of 40 mm or less measurad
perpendicular at any point on the geometrically described surface.

For covaring, use a waterproof and good bonding materal (for example acrylic resin or paraffin)
applied to the surface of the test piece. Determine the remaining geometric area after hardening of
the resin.

Divide the uncovered part of the surface of the fest piece into a number of flat or curved parts
(units) such that the area of each unit can be calculated geometrically from characteristic values
measurad such as length, width, height and radius.

The units specified under 2 must be selected such that the defined geometric areas coincide with
the relzvant area of the test piecs, whare the actuzl distance between the material and the defined
arza of the unit in the case of iregularities in the surface is never greater than 3 mm.

Determine the length of the characteristic values with an inaccuracy of less than 1 mm.

Using these, calculate the geometric area of each of the units sslected. The geometric area 4
expressed in m? is the sum of the areas calculated for each of the units.

7.2.3 Heavily irregular test piaces with no discernible regulfar side

Detarmination of the geometric surface area of heavily irragular test pieces using the paper method.

1. Cover each surface of the test piece as tightly as possible with 3 piece of paper. Use for this a typs
of paper that has no obvious absorbent properties.

2. Fold the paper around the edges of each surface of the test pizce and tear or cut the paper as
accurately as possible along the folds. Also remove any pieces of paper that may protrude beyond
the surface.

3. Determine the total weight of pizces of paper derived from step 2.

4, Determine the weight of sheet of paper of known area and similar properties to the paper used in
step 1.

5. Determine the surface area of the test piece from the ratio of weights of paper derived in steps 3
and 4.

6. Repsat steps 1 to 5 if the diffusion test isto be based onfour or more pieces aggregated together
from a batch.  Determine the average of the measurements obtained. This is the geometric
surface area detarmined according to the papsr method.

NOTES:

1. In the determination using the paper method, printer paper and paper for photocopiers (A4 shests) can be
used, Itis important that the paper does not have any strongly water absorbent properties.

2 If the test piece is damp it may be necessary of dry the paper before weighing in step 3.

7.3 Performing the diffusion test
This diffusion test is carried out in cight stages at a temperature that may vary betwseen 18 and 22°C,
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Rinse the tank or bucket (6.1) before performance of the test with nitric acid (5.2) and then rinse with
water (5.1). Then place the test piece in the tank or bucket. If more test pieces are placed in the tank
(Section 4), the space between the test pieces must be a minimum of 2 cm.

A.3.1 Stage 1

Fill the tank with a quantity 1" detarmined to 1% accuracy (6.7) of water (5.1) such that:

al if no part of the surface is coverad:

IV, <V <5V, (1)
ar
b) if parts of the surface are covered:

0% dx f£F £200x A= f (2)
where:

¥V is the volume of leaching fluid in litres;

Vo is the volume of test piece P in litres;

A is the uncovered geometric area of the test pisce P in m?;
b is a conversion factor: 1 Ifm?

The test piece must be placed such that it is in contact with the water on all sides and the uncoverad
part of the test piece is submerged by at least 2 cm.

Seal the tank or bucket.

After 6 £ 0.5 h, drain off all the aluate. This is the fraction from peried 1. Do not dry or rinse the test
pieca.

Filter over a membrane filtar according to the instructions in 7.1 the quantity of eluate required for
analysis (8.2 and 6.3).

For the resulting eluate, measure the pH (£ 0.05) (6.5) and conductivity Kas (£ 1 %) (6.6).

NOTES:
1. The pH valus and the conductivity are required to determine if the matrix has dissolving during the test (see
&.4 and 2.3.3.)

2 The pH value gives an indication of the alkalinity of the test piece, and the change in pH during the diffusion
test gives an indication of the stability of the material being investigated. Large varistions in the eluate pH
points towards the material not yet being in equilibrium, i.e. is not yet stabilised.

Transfer the quantity of eluate intended for analysis to the bottles of suitable size (6.4), filling each
bottle with at least 10 ml.

Store the eluate samples using the procedures described in 7.1, If more than 1 ml praservative is
required per 250 ml eluate, the concentrations detzrmined in 7.4 must be corracted for this.
3.2 58fages 2 to 8

Immediately after drainage in stage 1 (7.3.1), fill the tank or buckst again with watzr (5.1). Use the
same guantity I7(8.7), determined to £ 1% accuracy, as used in stage 1.

Repeat the procedure described in stage 1 a further seven times as shown in Table 1 (the times apply
from the immersion).
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Table 1: Times at which the water must be replenished

Periad (1) Time (days)

(

1 0.25 + 10%
2 1+ 10%
3 2.25 + 10%
4 4+ 10%
5 0+ 10%
[ 16 + 1

7 3B +1

B 64 +1

Determine the replenishment times (the time at which the tank has just besn emptied) of each period 5,
to 15 minutas accuracy.

On completion of the test, weigh the solid materizl that may have fallen off the test piece{s) during the
test and remains in the tank. This solid material must first be diied.

If during the replenishment it is found that a relatively large amount of material has fallen off the test
piece(s), it is recommendad not to wait until the end of the test but to remove the solid material during
one or more of the replenishments, and to diy and waigh this.

Calculate the weight loss m, (g/m®) of material that has fallen off the test piece during the test (g/4 (m?)
where 4is the {uncovered) ar=a of the test piece) in two phases:

1) the weight loss my, (0/m?*) in Stages 1 to 2 of the tast;

2)  the weight loss my; (o/m®) in Stages 2 to 8 of the test,

NOTE:

These two parameters give insight into the characteristics of the material. A relatively large weight loss m,,
compared with m,; indicates that tha loss is a consequence of the manner in which the test piece has been made
or prepared (for example, loss from an inadequately cured test piece at the start of the test, or loss as the result
of manner of sawing of the test pisce), & relatively large weight loss m,, compared with m,, indicates the long
term integrity of the material (for example, the ongoing loss of material indicates moderate bonding in &
composite material or loss of effectivensss of the binding agent under the influence of water).

7.4 Analysis of the eluates

Analyse the eluate fractions obtained in 7.3 from perieds 1 to 8.

If the measured eluates pH values and conductivities indicate dissolution of the matrix during the test,

then the following calculations must be undertaken, and assessment made whether criteriz 1 and 2 are
satisfied. If netther criteria are satisfied, then the components Ca, 504 and Cl must be detsrmined to

varify whether dissolution has occurred.
1. Calculate the average value of the measured conductivities in periods 5 and & (Ss.) in pS/cm.
2. Calculate the average value of the measured conductivities in periods 7 and 8.{S.e) in pS/cm.

3. Calculate the average pH value in periods 7 and B {pHag)

Criterion 1
Check if:

Sre> L3 % P/ + 10°(pHze— 11.78) + 10°(2.5 — pHyg)
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where:

I is the volume of leaching fluid, in I;
Vo s the volume of the test piece, in |,

If criterion 1 is not satisfied then the matrix is not soluble, and thers is no need to analyse the
components Ca, Cl and S0s.

If criterion 1 is satisfied, continue to criterion 2.

Criterion 2
Chack if
S_‘.!.g >2X 55—6

If criterion 2 is not satisfied then the material is not soluble, and there is no nead to analyse the
components Ca, Cl and S0..

If criterion 2 is satisfied, then analyse Ca, Cl and 504 in all eluates to verify whether dissolution has
occurred (see 8.3.3).
NOTES:

1. A number of standards for chemical anglyses of eluate components are available. The European Standards
prEM 13370:2002 and ENV 12506 are intended to define the analytical methods to be used for eluates
obtained from waste characterization testz, UK 'Blue Book” methods (Methods for the Examination of
Waters and Associzted Materials, HMSO) would be expected to give similar analysis results,

2 Always analyse the eluate samplez within the timescales given in the guidance in IS0 5667-3.

8. Calculation

The measured leaching per sluate fraction, the cumulative leached quantities, the leaching machanism
accurring, the cumulative leaching per unit area, the surface wash-off and the upper limit of the
leaching of components, for which no diffusion controlled leaching can be determined, are determinad
for each component undar investigation by successively:

- determining the leaching per eluate fraction as per 8.1;

- determining the measured and derived cumulative leaching respactively as per 8.2;

- establishing the leaching mechanism occurring as per 8.3;

- determining the cumulative leaching per unit area as per 8.4;

- determining the surface wash-off in combination with the diffusion controlled leaching as per 8.5;

- determining the upper limit of leaching for the components for which no diffusion controlled
leaching can be established, as per8.6.

The above mentioned guantities only have relevance and may only be usad if the matrix of the
material does not dissolve. In 8.3.3 a check is made whether this requirements is met.

&1 Measured leaching of a compenent per fraction

For each component to be studied, calculate separately the measured leaching per fraction using the
formula:
o ol

E.‘ =— [:3:]

where:

E; isthe measured leaching of a component in fraction 4 in mg/m?
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Ci is the concentration of the component in fraction 7in pa/l;
I is the volume of the eluate in [;

A is the surface area of the test piece in m%

b is a conversion factor: 1000 pa/mag.

The concentration ¢ specified in formula (3) is the concentration originally present in the eluate; the
measured value determined according to Section 7.4 must be corrected for the quantity of preservative
added in Section 7.3 if this is more than 1 ml per 230 ml eluate.

If the concentration of 2 component in 2 specified eluate fraction is below the lowest limit of analytical
determination, two calculations must be carried out for the component. The upper limit of E; is
calculated by equating o in formula (3) with the lowest limit of determination; the lowsr limit of £ is
calculated by setting ¢; in formula (3) to 0.

8.2 Measured and derived cumulative feaching of a component

&.2.1 Measured cumulative feaching

For each component to be analysed, calculate separately the measured cumulative leaching &, in each
of the pericds n =1 to N, where the period n=1 lasts from the start of the test to the first replenishmeant
time (comprises fraction é=1), pericd =2 fram the start of the tast o the second replenishment time
(comprises fractions 1 + 2), gtc. Carpy out this calculation as:

n
£, =ZE,.-‘ fors=1to NV (4)
where:
£y is the measured cumnulative leaching of a component for perod » comprising fraction =1 to », in
mg/m?;

E'; is the measured leaching of the component in fraction i in mg/m?:
N is the number of pericds egual to the number of specified replenishment times (& = 8).

The calculation method is explained 2s in Figure 1 below.

&.2.2 Perived cumulative feaching of a component

For each component to be analysed, calculate separately the derived cumulative leaching &, in each of
the periods n=1 to W, where a period # lasts from the start of the test to the #™ replenishment time
(comprises fractions i=1 to #).

Carry out this calculation as follows:

£, =( E_.‘ . ,U(E ) (.J'r_ —.Jra ) forn=1to N (where i =n) (5)

whers:

g, is the derived cumulative leaching of a component for pericd n comprising fraction i=1 to », in
ma/m?;

E*{ ja the measured leaching of the componient in fiaction 7, in mg/m?:

t; 15 the replenishment time of fraction i, i.e. time at end of fraction i, in's;

.y isthe replenishment time of fraction i-1, i.e. time at start of fraction 7, in 5.

NOTES:

1. The messured cumulative leaching £ always includes the measured leaching of previous periods. This
means that any devistionsz in a pericd (for example wazh-off effects) affect the following periods that can
make intsrpretation difficult.
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2 The derived cumulative leaching e, determines only the cumulative leaching up to and including period 7 on
the basis of the measured leaching in period i, These values can be used to assess whether the leaching is
determined by diffusion (see Section 8.3).

Figure 1: Diagrammatic overview of terms used in this standard in determining the
leaching behaviour of a test piece.
The fractions i=1 to i =N indicate the successive eluate fractions;
the period n=x corresponds to the sum of the number of fractions i=1 to i=x.

Replenishment tima ] 1, I i, t L
Time scale k | LI = ann {
Fractions f=1 =2 =n
Fraction 1: =1

—
Pariod n=1
Leaching maasurad =
per fraction !
Fraclions 1+2 [ 5] =2
Pariod n=2g o e —
Leaching maasurad £ E
per fractian: -~ ’
Fractions 1+2+..«M\ f} =2 i =N
Petiod nei = 4 e  pmhaadey | i
Leaching measurad E", E% E’ E.
per fraction

8.3  Determination of the leaching mechanism(’s) occurring in the diffusion test

Baszed on the leaching of components as sat out in 7.4, establish whether the mafrix of the test piece is
dissolving during the conduct of the test, If this is not the case, then for all individual components
determine whether leaching”is diffusion controlled or whether other leaching mechanisms also
contribute.

Carry out the procedure in this-section for each of the components to be studied.

NOTE:

To support and monior the further assessment and calculation of the leaching behaviour, it is recommended that
the cumulative leaching determined in Sections 8.1 and 8.2 be shown graphically (see Annex E). For this, plot for
gach individual component the logarithm of the derived cumulative lzaching e, against the logarithm aof the time », for
r=1 to N in order to allow a visual inspection of the measurement data. On the zame graph also plot the logarithm
of the measured cumulative leaching £,

8.3.1 Definition of incremental periods

Group the eluate fractions collected in the periods 1 to 8 as follows:
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Order Eluate fraction Increment a-b
1 Fractions 2 to 7 Increment 2-7 incl
2 Fractions 5 to 8 Increment 5-8 incl
3 Fractions 4 to 7 Increment 4-7 incl
4 Fractions 3o 6 Increment 3-6 incl
3 Fractions 2 to 5 Increment 2-5 incl
6 Fractions 1 to 5 Increment 1-4 incl

Analyse the leachate values according to the procedure in 8.3.2, beginning with increment 2-7, followed
by increment 5-8 and so on. Use this order for each component.

NOTES:
1 The method to establish whether the leaching mechznism is diffusion controlled is built up as follows:

a) Firstly, the eluate fractions obtained and analysed in periods 1 to & are divided into increments that are
long enough to establish the leaching mechanism.

a) For all components to be determined, and for each of the divided increments in a), the concentration
factor {CF), the slope (rc) of the linear regression ling of log £ versus log ¢ and the standard deviation of
the slope (=d,.) are determined and recorded in a table (=2 8.3.2).

c) Subseguently, on the basiz of these values, check that the matrix doss not dissolve (see 8.3.3). If the
test piece (the matrix) does dissolve, then the lzaching from this test piece can not be determined with
the diffusion test,

d) If the matrix does not dissalve, then for all components, per increment, & check is made whether the
quantity of diffusion contiolled lzaching can be determined. The first increment in the order given in
a) for which the gquantity of diffusion controlled leaching can be determined iz the "leaching
mechanism determining increment”,

g) Subseguently, it is determined whether, in addition to diffusion, other leaching mechanisms are
involved.

f}  If for certain components no diffusion controlled leaching can be established (and there is no suggestion
of the matrix dissolving), then an estimate can be made of the upper limit of leaching.

2 Increment 2-7 is considered as a “total incremant” for the entire diffusion test. The first fraction is not
included in order to eliminate interpretative ervors in the analysis dus to wash-off effects. The last fraction
iz also not included in the total increment to eliminate as far as possible depletion of a certain component
during the test,

8.3.2 Incremental analysis per component

For each component to be studied, undertake an incremental analysis as follows:

Step 1:

For each increment a2-b determine the concentration factor CFu.y:

CF. = _mean concentration in the increment (&)
lowest limit of determination

If in all the fractions in the increment a-b, the measured concentrations for the component under
investigation are all higher than the lowest limit of determination for that component, and CFew = 1.5,
then continue to Stage 2. If this is not the case, then for this component no leaching mechanism can be
determined in this particular increment,

NOTE:

If for an increment the factor CF,, for the component under investigation is less than 1.5, the values measured in
that increment are too low to allow determination of the leaching mechanism. Alsa, if in one of the fractions of the
increment the concentration is lower than the lowest limit of determination, then it cannot be proved whether the
leaching is diffusion controlled.
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Step 2:

Using linzar regression of the log &, - log 5 relation (with 7 =n), determine for each increment the slops
rc and the assocdated standard deviation, sd.. calculated from the regression analysis.

The concentration factors, slopes and standard deviations can be given clearly as shown in Table 2 to
support and simplify the assessment and further processing of the test results.

Table 2: Overview of concentration factors, slopes and standard deviations as determined
in the following increments.

Increment a-b CFsb Ic Sd-.

Increment 2-7
Increment 5-8
Increment 4-7
Increment 3-6

Increment 2-5
Increment 1-4

8.3.3 Determining whather the matrix dissolves

The determination of the leaching machanism and the gquantification of the leaching per component anly
have meaning if the matiix of the material does not dissolve. In 7.4, two criteria are used examine
whethar, in principle, this could be the case.

If in 7.4 both criteria are not satisfied, then the materdal does not dissolve. In this case, proceed to
8.3.4.

If in 7.4 both criteria zre satisfied, proceed then on the basis of the wvaluss for Ca, C and S04
determined in 8.3.2 to evaluzte whethar criterion 3 is satisfied.
Criterion 3:

For at least 2 of the 3 above mentioned components, check whether CFey > 3.0 and rieg > 0.8,
If criterion 3 is not safisfied, then the matrix does not dissolve. In this case, proceed to 8.3.4.

If criterion 3 is safisfied, then the matrix does dissolve. In this case the leaching from this test pisce
cannot be determined through the diffusion test.

NOTE:
This criterion will be satisfied principally by gypsum product and materials with a high salt concentration.

8.3.4 Determining whether the leaching of the different components is diffusion
controfled or whether other feaching mechanisms are invofved

0On the basis of the concentration factors and slopes calculated in 8.3.2, it can be determined which
leaching mechanism(s) are involvad in the release of different componsnts from the test piece, A
precondition for this is that the standard deviation of the slope must mest certain reguirements. With
fully diffusion controlled leaching, the slope is exactly 0.5.

The significance of the slope of the different increments is summarised in Table 3.

Table 3: Significance of slopes of the different increments.
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Increment a-b Slope, rc
<035 = 0.35 and =0.65 = 0.65
Increment 2-7 | Surface wash-off Diffusion Dissolution
Increment 5-8 Depletion Diffusion Dissolution
Increment 4-7 Depletion Diffusion Dissolution
Increment 3-6 Depletion Diffusion Dissolution
Increment 2-5 Depletion Diffusion Dissolution
Increment 1-4 | Surface wash-off Diffusion Delayed diffusion or
dissolution
Step 1:

Determine per component for all incraments, in the arder given in Table 3 beginning with increment 2-7,
if the leaching mechanism is diffusion controlled on the basis of the following criteria.  The first
increment for 2 component for which the guantity of diffusion controlled leaching can be established is
desmed the “leaching mechanism determining increment” for that component.

Criteria for diffusion confrolled leaching in increment a-5

Chzs2 1.5 Sde < 0.5 0.35 < rc = 0.65

If the above criteria are satisfied, then the diffusion controlled leaching of the component concermed can
be calculated using the formulas in 8.4.

If, as well as diffusion controlled leaching, thers is also an indication of surface wash-off in increment 1-
4, then this surface wash-off can be quantified using the formulas in 8.5.
Step 2:

If for certain compeonents diffusion controlled leaching cannot be established in any of the increments
(and the material does not dissolve according to the oiteria in 8.3.3), then for that component an
upper limit for leaching is determined. For this, proceed to 8.6, in which formulas are given for
various situations dependent on the controlling leaching mechanism.

NOTE:
In Annex E graphical representations are given of sach extreme case of leaching. Deplstion events are indicated

in Figure E2, surface wash-off in Figure E4 and chemical changes in the material in Figurss E3, ES and E6.

8.4 Calcufation of the diffusion controffed leaching of a component per unit surface area

The calculation of leaching of a2 component per unit surface area must be undartakesn in all cases, where
the diffusion centralied leaching has been established by the increment analysis in 8.3.4.

The derived leaching of a component per unit surface area over an arbitrary. time interval can be
determined by the formula:

(7)

where:

£y s the derived leaching of 2 component in the time period £, and 4. in m3/s:
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E; isthe measured leaching of the component in fraction 7 in ma/m?

iy is the start time of the interval measured from the start of the test, in days;

; is the end time of the interval measured from the start of the test, in days;

i is the end time of fraction i, which is part of the increment a-b, for which diffusion has been
established, measured from the start of the test, in days;

i is the start time of fraction §, measured from the start of the test, in days. This is part of the
increment a-b, for which diffusion has been established..

ab  are dimensionless indices by which an increment g-b is indicated for which a diffusion machanism
is established.

NOTES:

1. The product function in (7} is @ measure for the average leaching rate, taking into account the diffusion

controlled nature of the leaching process. The leaching is corrected by the sguare root of the times. In
practice, this method of calculation leads to a calculated average negative logarithm of the effective
diffusion coefficient (pD),). For the determination of the average effective diffusion coefficient D, see
Annex D1,

2. If, for example, a diffusion controlled mechanism is established in increment 2-7, then the product function
takes the values a=2 and b=7:
{ } = U, xUg%U U x&xL}E (8)
i=l
where:

. K

Calculate for each component under investigation separately the derived cumulative leaching per unit
are over 64 days, &se, with the formula:

‘ 17

£es =BT T1 (9)
l i=a «J'_ -

where:

egy  is the derived cumulative leaching for a component over 64 days, in' mag/m%

E;  isthe measured lzaching of the compenent in fraction i in ma/m®

159

is the end time of fraction i for which diffusion has been established, measured from the start of

the test, in days;

is the start time of fraction § for which diffusion has been established, measured from the start of

the test, in days;
are dimensionless indices by which-an increment a-b is- indicated for which a diffusion machanism
is established,

Calculate also for each compnngnt under investigation separately the measurad cumulative lsaching per
unit surface area over 64 days £ s using theformula:

A'REA N
€5 =X E; (10)
1=l
where:
£ is the measured cumulative leaching for a component per unit surface area over 64 days, in

i

mag/m?;
is the measured leaching of the component in fraction 7, in ma/m?
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N is the number of periods, equal to the number of prescribed refreshing intervals (N=8).

If the measured cumulative leaching over 64 days {E*ﬁq.:'_r calculated using formula (10) is smaller that
the derived cumulative leaching calculated using formula (9) and also the slope of increments 3-6 and
4-7 are both smaller than 0.35, then the measured cumulative emission over 84 days is considered fo
be the upper limit of leaching.

8.5 Quantifying the surface wash-off in combination with diffusion-controfled leaching
The surface wash-off of 2 component per unit surface area can only be determined where the

incremantal analysis in 8.3.4 has established that the leaching of that component is diffusion controlled.

If surface wash-off is indicated in the first two factions of increment 1-4 (rc < 0.35) whilst in one or more
of the following increments diffusion controlled loss is accepted, then the amount of surface wash-off
(Ewsn1:2) In mg/m? is given by:

Ewashia = E1 +Ea — g6 maf1/64 (11)
where:
Erearh 12 is the washed-off quantity of the particular component, in mg/m?
1 i5 the measured leaching of that compenent in fraction 1 (1/4 day), in mag/m®
Es i5 the measured leaching of that component in fraction 2 (1 day), in mg/m®;
Esa is the calculated leached quantity of the particular component over 64 days, in mg/m?®

calculated from formula (9).

NOTE:
See annex E, figure E4 for a graphical representztion of this type of leaching.

8.6 Determination of the upper fimit for feaching of components for wihich no diffusion
can be established

The calculation of the upper limit for leaching of 3 componsnt per unit surface area can only be
undertaken when, according to 8.3.4, lzaching of the particular component is not diffusion controlled
and, according to 8.3.3, the matrix doss not dissolve.

NOTE:

If the matrix does not dissolve, then for cerdzin components for which diffusion cannot be established by the
increment analysis, an estimate can still be made of the long term leaching by applying the formulas for diffusion
controlled leaching.

The calculations must be considered in the order set out in the following paragraphs.

8.6.1 The concentration facter CFi-s is less than 1.5

If the concenfration factor CFyg is less than 1.5, then the upper limit of the cumulative emission over
64 days is calculated as follows:

Ess=E 14 (12}
wheara 5*1.3 is calculated from 8.1 and 8.2.1, where ¢ in Formula (3) is set equal to-the lowest limit of

determination.

NOTE:
If the concentration factor CFyy iz less than 1.5 then the average concentration for the "total increment” is less
than 1.5 times the lowest limit of determination.

The upper limit for leaching over a period T from the beginning of the leaching is calculated from:
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£7 = &g <1 1 64 (13)

whera:

gr  is the upper limit of the leaching of 2 component over a period T, in mg/m®;
I is the duration of the period, in days.

8.6.2 Surface wash-off followed by low concentrations in the subsequent fractions

If through the increment analysis in 8.3.4 it is found that surface washing has occurred, followsd by
low concentrations on the subsequent fractions, then the upper limit for diffusion over a time period T
from the start of leaching is calculated from:

JT -4t

F (14)

. ¥
Er =&_3+T&33*
whers:

2y is the upper limit of the leaching of a2 component over 2 period T, in rr[g!mz;

£z isthe measured cumulative leaching over the increment 1-2, in mg/m?;

£33 isthe measured cumulative leaching over the increment 3-8 (upper limit, see 8.1), in mg/m?;
I is the duration of the period, in days.

NOTE:

Formula (14) for the wash-off applies if in increment 1-4 the slope is less than 0.35 and additionally that the
concentrations are well measurable, whilst the concentrations in increment 3-8 are not so measurzble,
Extrapolation of the meazured |=aching according to a diffusion controlled leaching will overestimate the true
leaching. It is also not correct to extrapolate the initizl wash-off using the formula for diffusion controlled
leaching; in stead the wash-off should be added to the diffusion controlled leaching.

8.6.3 Possible depletion/changing chemical form

If the increment analysis in 8.3.4 reveals that for a component that in at least two of the increments
2-5 and/or 3-6 and/or 4-7 andfor 5-8 the slope is less than 0.35 and the concentration factor is
greater than 1.5, then this indicates that depletion of this component may have occurred.

NOTE:

1. Thers are also indications of depletion if, after initial wash-off, significant concentrations are measured in
the extracts in following the periods (as opposed to the situation descibed in 8.6.2). Extrapolation of the
cumulative measured leaching will then overestimate the actual leaching. It is, however, not correct to
include the initizl wash-off in the formula for the diffusion controlled leaching.

2. Inert compenents arg distinguishable by having the lowest pD, values in the matrix under consideration,
whilst the remaining components always have a higher pD, valuz, This means that depletion always occurs
earlier with inert components than with the other components. The appesarance of an rc<0.35 in such &
case can be explzined by the fact that chemical conditions change, as a result of which & step change
occurs to, for example, a different diffusion level, or that @ mobile chemical form becomes depleted whilst 2
different lzachable form of that component remaing (more strongly) bonded in the matrix.

The upper limit for leaching over a period T from the start of leaching can then be calculated by the
formula:

yrid
N

E7 =& + 534 % (13)

whera:

Gy is the upper limit of the leaching of 3 component over 2 period T, in ma/m?;
£1.2 is the measured cumulative leaching over the increment 1-2, in mg/m?;
£33 is the measured cumulative leaching over the increment 3-8 (upper limit, see 8.1), in mg/m?:

T is the duration of the period, in days.
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8.6.4 Dissolution

If the slope for the a particular component for the total increment (2-7) is greater than 0.65 (see
B.3.4 Step 1), the leaching over 84 days is calculated as:

E@=E‘[.5 {lﬁ:'

£ is determined as set out in 8.1 and 8.2.1, where ¢; in formula (3) in 8.1 is given the value of the
lowest limit of determination if the concentration of a component in a fraction is lower than the lowest
limit of detarmination.

The upper limit of leaching over a period I from the start of leaching is then:

gr =g _gx+/T /64 (17)

NOTE:

If the slope is greater than 0.65 then there is a possibility of dissolution of the component. This appears contrary
to the finding that the test piece is not dissolving. This, however, nesd not be the case. It can be concluded
that, viewed from the lzaching mechanism of the matrix, the dissolution of the particular component has no
permanent character, It is even possible that dissolution is onby occurring from the outer layer of the test piece.
The slope can also be greater than 0.65 if at low concentrations the influence of other components is relatively
large.

B8.0.5 Large spread in measured concentrations

MNo determination of the slope is possible in 8.3.4 step 1 where the measured concentrations exhibit a
wide spread (sd..>0.5). In this case the leaching over 64 days is calculated by the formula:

s =E13 (18)

€15 is determined as set outin 8.1 and 8.2.1, where ¢ in formula (3) in 8.1 is given the value of the
lowest limit of determination it the concentration of a component in a fraction is lower than the lowest
limit of detarmination.

The upper limit of leaching over a period T from the start of leaching is then:

£r =5%g gx~T/64 (19)

whera:

€T i5 the upper limit of the leaching of 3 component over a period T, in mg/m’;
€15 isthe measured cumulative leaching over the total duration of the test, in mg/m?;
I is the duration of the period, in days.

NOTE:

Ressarch has besn conducted to investigate how large the error inthe value of pD. could be when sd.>0.5. In
that case the slope e could rise to 1.5 so'that the value of pD, wolld be & whele 1 log (m%/s) lower. This is
equivalent to & 10 fold overestimate of the diffusion cosfficient, which means at least a three fold oversstimate of
the leaching., Because the value of pD, within the period of the diffusion test can decrease even further due to
changes in the chemical conditions (for example; through the leaching of lead from a reducing material), a factor
of 5is introduced-in the formula for e to give the zssumed vpper limit.

Table 4: Calculation of the upper limit of leaching of a component in special
circumstances

Description Criteria® Formula for calculating &;
1)  Measured, average CFie<1.5 _ T /64 (13)
concentration in all fractions is T T AN
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low
2)  Wash-off in the first two steps, | CF = 1.5 and rc < 0.35 for . . T 4
after which measured increment 1-4, and CF < 1.5 for | sp =&+ &1 g™
concentrations are low increment 5-8 m_ A
3)  Possible depletion of different | rc < 0.35 and CF 2 1.5 for at . . ﬁ_,ﬁ {15}
chemical forms least two of the increments 2-5 Ep =&l T ®
and/or 3-6 andfor 4-7 and/or m_ ’-l'rl_
5-B
4) gigsnlution during increment rc = 0.65 for increment 2-7 £r =2 K51.4 xﬂ {17
5)  Large spread in all increments | =d.. > 0.5 for increments 3-8, £ =5x% 51‘4 xﬂ {13}
4-7 and 5-8
The parameters have the following meanings:
CFp is the concentration factor in increment a-b
c is the slope of the relevant increment
sd.. is the standard deviation of the slope of the relevant increment
gy is the upper limit of leaching of a component over period T, in mg/m?®
E b is the measured cumulative leaching over the relevant increment a-b, in mgfm?
T is the duration of the period, in days

8.6.6 Summary of situations in which the upper fimit of leaching can be determined

Table 4 provides a summary of the formulas used to calculate the upper limit of leaching where there
is no possibility of diffusion and the matrix is not dissolving. Further information on the exceptional
cases in Table 4 are given in Annex F

9. Report
The report must contain the following datz at least:

- a reference to this standard, indicating: "in accordance Environment Agency standard E4 NEN
7375:2004;

- the data necessary for identification of the test pisce(s);

- source and specifications of the test pieca(s);

- the nature of the material studied;

- the temperature range within which the leaching test was performed;

- the pH of the eluates collected, rounded to 0.0.5 pH-unit;

- the conductivity of the eluates collected rounded to maximum 1 significant figure;

- the components analysed and the lowest limits of determinztion of the components in the eluate;
- the means by which the eluates have been preserved and stored until the time of analysis;
- all concentrations measured, rounded to maximum 2 significant figures;

- the guantity of preservative added in Section 7.3 if thisis more than 1 ml per 250 ml eluate;
- the amount of matarial fallzn off the test piece(s) during the test;

- the slopes and corresponding standard deviations of all increments;

- the start and end points of the leaching mechanism-determining increment, if the leaching of the
relevant component is diffusion controlled;

- . the guantity of the components testad available for leaching;

- the results of the investigation into the (non-) dissolution of the test piece(s);

- the calculated cumulative lzaching of the components tested over 64 days (£s4), in mg per m*;
- the measured cumulative leaching of the components tested over 64 days (g°5), in mg per m2:

- the evaluated possible surface wash-off of the components tested, in mg/m?;
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- the calculated uppsr limit in possible special circumstances of lzaching of one or more
compaonents, in mg/m?;

- the eventual weight loss during the tast, in ma/m®:
- the duration of the investigation.

If the diffusion test is not carried out fully in accordance with this standard, zll deviations from the
prescribed procedures must be indicated in the report, giving the reasons.

{l
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Annex A
Validation of the Diffusion Test

In developing the Dutch Standard, MEN 7375, a round-robin test was undertaken with 10 lzboratories
on 3 types of material to establish the precision of the diffusion test in terms of repeatability and
reproducibility. The following is taken from the discussion presentad in MEN 7375.

The error in the end result of a leaching test is composad of contributions from:

- The origin of the material {variations in the production process);

- The method of sample taking (differances in representativeness);

- The sample pre-treatment (variztions in the preparation of the test piece for the leaching test);

- The leaching test itself;

- The chemical analysis {error in the determination of concentration in the sluates);

To establish the precision of the diffusion test, the contribution of these sources of error were

minimized through the experimental design. Thereforg, in the validation study the following starting
points ware usad.

- Components that can be wvery inhomogensous in cerfain materials were not included in
determining the precision.

- The samples wera all taken from one batch a2nd the sample preparation was performed in one
session.

- All chemical analyses were carried out by one laboratory.

- The precsion was only determined for components for which the error in the chemical analysis
was sufficiently small (relative standard deviztion in repeatablility nominal less than 5%). For
larger errars in the concentration measurement the precision of the analysis would dominate the
precision of the leaching test result too much.

The test pieces examined relate to three different types of moulded materials. The table below gives
an overview of the materials used and the components tested:

Table A.1: Investigated materials and components

GRAIN SIZE CLASS MATERIAL TESTED COMPONENTS TESTEDY
Moulded Fly ashfcement mix Ma, Ba, Ma, S04, V
Moulded ::rr:d lime brick with coal dust fhy Na, As, (Ni), Se*, S04, (V)
Moulded Building brick Na*, As, V

1) all elements in brackets and marked * in Table A.1 were measured but not included in
determining the median and the range of the overall pracision values, because:

- the error in the concentration measurement was too large (marked with brackets);

- for the determination of the repeatability less than 5 laboratories where found for which in
both duplicate leaching tests using the procadure 8.3 clearly a leaching mechanism could be
determined (marked *). For the determination of the reproducibility always the results of at
least B laboratories could be used.

The round-robin on the above materals and components combinations have the following values for
standard deviations for repeatability (S,) and reproducibility (Sg) in the diffusion test.
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Median Range
S, in the determination of g 13% 8% to 18%
Sp in the determination of &g 16% 10% to 42%
S; in the determination of pD, 0.11 0.07 to 0.17
(unit: -log[m?/s])
Sg in the determination of pD; 0.19 0.12 to 0.40

(unit: -log[m?/s])

In general no clear dependency of 5 and Sg on the material type was found.

NOTES:

1

No correction is made for the contribution of the analytical emor, because eg and pD; are calculated using a
diffusion model through a fitting procedurs. In general, the influence of the analytical error is of minor
importance in the above values of the precision.

The precision values for the diffusion test are corrected for the error in the availability test result.
The values for Sr and S shown are only appropriate for material-component combinations for which:
- the contribution of the relative standard deviation in the concentration measurement is less than 5%.

- at l=ast 5 datz ==tz are available for which clearly a diffusion controlled leaching mechanism could be
determined,

All materizl-componznt combinations in table A.1 that are not marked with brackets or *, satisfy these two
reguirements.

The mentioned median values and ranges for S and S; are indicative values of the attainable
precision, it the diffusion test i= performed according to this standard and also the reguirements
mentioned in note 3 above ars met. In particular, a higher degree of uncertainty may apply o
materials which are very heterogeneous and/or to components for which the concentration
measurements in the eluate causes problems (due to e.g. low levals),
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Annex B (Informative)

Differences between NEN 7375 and NEN 7345

The repsatability and reproducibility of the diffusion test according to MEM 7345, established in the
round-robin validation test (see Annex A of this standard), proved less good than desired. For this
reason, under the auspices of the Action Programme Mormalisation and Validation of Environmental
Measurement Methods a project Improvement of the quality of three normalised leaching tests in the
NEN-7340 saries (ANVM-216,) was undertaken. In that project, consideration was also given to the
developments on European harmonisation under the auspices of the CEN committes TC 292, Most of
the changes proposed in ANVM-216 for undertaken diffusion tests have been adopted by the
standards committee 390 011 and recommendad for adoption in the standard. The existing standard
MNEN 7345 will not be revised because at this time CEN/TC 292 diffusion tests for sarthy and stony
waste materials are being developed, so there is 3 "stand still” on the development of national
standards on the same subject. At the same time, it is expected that NEN 7345 will be replaced by
one or more of the CEN/TC 292 developed standards for diffusion tests. Because in the meantime
there is still 2 need for a generally applicable diffusion test, in which the recommendations from
project ANVM-216 are adopted, a new standard (MEN 7375) has been brought out with a wider
applicability than CEN is considering, namely all sarthy and stony materials.

The most important changes from NEN 7345 that have been brought forward in NEN 7375 are as
follows:

1. The applicability is generzlised to earthy and stony materials (as opposad to just sarthy and
stony building materals and wastes).

2. The diffusion test must in future be conducted with pH neutral instead of acidified water. The
most important reason for this is that this will be incorporated in the standards being developed
in CEN/TC 292.

An additional advantage of this is that the use of pH neutral water is that, in the case of materials
with 2 low buffering capacity, large differences in the initial l=aching by leaching fluid with an
imposed pH=4 is overcome.  This effect is much less with the use of pH neutral water. &
separate literature and model study has considered the consequences of using neutral instead of
acidified water. This has found that the difference in leaching results are possibly only observed
in materials with a very low buffering capacity. Examples af this are vitrified slag, some industrial
slags and sintered products, such as arfificial gravel and brick. The differsnces in leaching for
these types of material also appear to be very small (and only obszrved for metals); under
normal laboratory conditions these are barely discernable.

3. The "paper method” has besn introduced for the determination of the geometric surface area of
highly irregular test pieces.

4, The determination of the leaching mechanism during the diffusion test is more systematically
described-and elaborated

5. The leaching volume is smaller, thus the required determination limit in testing to (regulatory)
standards is easier to achizgve analytically.

6.~ The "diffusion cantrols the lzaching from the matrix™ as criterion for applicability of the standard
is replaced with the criterion "no dissalution of the matrix”.

7. For the calculation of the cumulative lzaching per unit surface area, it is no longer necessary to
undertake the availability test according to EA NEN 7371, since the wvalue of the diffusion
coefficient derived from that test has been eliminated from formulas (7) and (9) for the
arithmetic leaching of 2 component over a given interval (.y) and over a period of 64 days (5),
respectivaly.
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8. For the determination of the average negative logarithm of the effective diffusion coefficient per
component, it is still necessary to undertaken the availability test according to EA NEN 7371,
This determination is set out in an informative annex (Annex D.1).

9, For the determination of the leaching per component, for which according the procedure in 8.3.4
no diffusion controlled leaching can be established, whilst according to 8.3.3 it is established that
the matrix does not dissolve, a calculation method is given to establish the uppsr limit of
leaching.
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Annex C

Commentary on the Prescribed Test Pieces and Determination of the Geometric Area

C.1

C.2

C.3

C4

C.3

C.6

C.7

C.8

c.o

C.10

It is recommended that at least thres test pieces are available, two of which meet the
dimensionzal requirements, as supplementary tests may be found necessary. The third test
piece may be necessary for performance of an availability test according and is finely ground for
this.

In general, diffusion is determined on the basis of leaching from the entire test piece. This may
be a sample of an original building element {e.g. a brick) or a test piece mouldad in a special
mould from the material to be tested (e.g. 2 Marshall slab of asphalt concreta).

To prevent practical problems in the performance of the test, it is recommended that an upper
limit of 300 mm be set for the largest dimension of the test piece.

To pravent the |leaching diminishing during the diffusion test due to depletion of a component,
the smallest dimension of the test pigce must be larger than 40 mm. For components with
great mobility, during the test some depletion can occur if the smallest dimension lies in the
area of the lower limit of 40 mm. Depletion of mobile components can then be prevented by
using a slightly larger test pisce.

Certain building materials are produced as standard with a thickness of less than 40 mm such
as slate roof covering, ceramic roof tiles, thin tiles, hollow bricks or garden tiles. Usuzlly the
required strength of these products implicitly leads to materials with such a high pD; value that
no depletion phenomena occur during the diffusion test. For an optimum result in the diffusion
test, such thin tast pieces must be covered on one side.

For partial covering of a test pisce with an imparvious layer, material must be used that has no
disruptive influence on the diffusion process by the release, absorption or (delayed)
transmission of componants to be studied. It has appeared that acrylic resin is a suitable
impervious material for leaching tests on inorganic components with the diffusion test. The
usability of other impervious materizls is still being studied.

The test piecs can be prepared in the laboratory undsr conditions that correspond to those
found in practice. Preference s howsever given to the product as used in practice. The test
piece can also be part of the manufactured product unless surface treatmsnt causes significant
differencas in the surface structure or the ground surface. The latter can be compensatad by
covering the surface concerned such that no rinsing or diffusion from the surface occurs during
the test.

If, after production, the product must harden for a specific period before reaching the strangth
required in practice, it is important for the interpretation of the results of the diffusion tast to
bear in mind that also the leaching behaviour can change during the period that hardening
takss place.

Some test pieces.are sawn or drilled out of a larger-whole, for example a diilling core from a
road surface. The sides formed by the sawing or drilling may have leaching extent not shown
by the unworked surfaces. The worked surfaces must be covered in accordance with the
procedure in Section 7.2.2. For a_number of materials, it has been found that the diffusion
differs little or not 2t all from the diffusion from the unworked part, In these cases, the sawn or
drilled surfaces can also be included in determining the diffusion.

If the geometric area cannot be clearly and easily established for the entire surface, the test
can often be carriad out on part of the outer surface. Examples of materials where part of the
surface must be covered are coarse slag and cobbles. Often one or more test pieces are
selected from a representatively assembled sample of such slag or cobbles, for which large
parts have an area that can be easily determined geometrically.
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Partial covering may also be necessary for certain products with 2 regular and easily definable
geometric area, for example roof tiles (with edges and rounded corners) or grass tiles (with
gaps). Hollow building materials must have the holes filled with an impervious material.

Some building materials have different properties on different sides, e.g. if glazed layers or paint

are applied. In these cases, the type of material surface to be studied is isclated by covering
the other surfaces.
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Annex D

Assessment of a Diffusion Coefficient and Calculation of Derived Values

D.1 Assessment of the effective diffusion coefficient of a component

The effactive diffusion coefficient of a component can only be calculated when, through the procedure
given in 8.3.3 and also the increment analysis in 8.3.2, it can be shown the lzaching is diffusion
controlled, and when for this material the available leaching quantity is known. For this the following
procedure must be followed:

Calculats the average effective diffusion coafficiant D, of a component with the formula:

4

'
D‘?:IL_]”- (D.1)
| 26530 00U por
whara:
Dy is the average, effective diffusion coefficient for a given component, in m/s;
Eg4 is the derived cumulative leaching of the component over 64 days determined with formula
(9), in mg/m?;
Il is the density of the tast piece, in kg dry matter per m®;

Uy is the leachable available quantity derived according to EA NEN 7371, in mg par kg dry matter
f is a factor equalto 1 5

Also express the average value of the effective diffusion coefficient in the form of a negative
logarithm:

pD, = -log D, (D.2)

D.2 Assessment of a diffusion coefficient

The value of pl); indicates the rate of leaching. The minimum value of pl; (maximum rate of
leaching) for a companent such as sodium is egual to 8.88 (frea mobility of sodium in water).

The higher the pDq value, the lower the speed of leaching of the component concerned with constant
availability Ly (this determings the concentration gradient which is the driving force for diffusion):

pD, > 12.5 :component with low mobility;
11.0 < pl); < 12,5 :component with average mobility;
pD: < 11.0 :component with high mobility.

& pD; value of less than 9.5 has no physical significance as the material to ba studied has no further
internal porosity (tortuosity). If such a low value is found in the calculation, it is advisable to check
the availability measured.

D.3 Camparison of the mobility of a component in a moulded or monolithic material with
the free mobility of sodium in water

Tortuosity is a measursmant of physical retardation and gives an indication of the path length that a
diffusing ion must cover in a porous matrix. It is a material property and thereforg not jon-
dependent. For calculation of the tortuosity, a component must be selected that has no chemical
interaction with the matrix. This component will show the lowest pD; value in the matrix concerned.
In most cases, sodium is the best choice,
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The tortuosity of a mouldad or monolithic material can be calculated using the formula:

T2 (D.3)
whars:
T iz the tortuosity of the material;
Dy is the diffusion coefficient of sodium in water (10*%%) in m¥/s;
D,y is the effective diffusion cosfficient of sodium in the material in m¥/s.
The retention factor is an indicator of the chemical retention of a component in a2 moulded or
monolithic material. For a compenent that shows no interaction with the matzsrial matrix, this is equal
to 1.

The retention factor (&) for the component concerned can be calculated using the formula:

D

R T (D.4)
where:
R is the retention factor;
D is the diffusion ceefficient for the component in water in m%/s;
D, s the effective diffusion co=fficient for the component in the material in m¥/s;
T is the tortuosity of the matarial.

D.4 Determination of the leached guantity per unit mass in the diffusion test

The quantity of a component leached out per mass unit up to 2 time t can be calculated using the
formula:

2udx pxU, %

U, = = (D.5)

whera:

Uz is the guantity of a component leached out in the diffusion test to time 7 in mg per kg dry
matter;

Upa  is the quantity of component available for leaching in ma per kg dry matter;

Dy is the effective diffusion coefficient of the componentin m¥/s;

i is the fime duration of the leaching n 5;

A is the area of the test pieceinim?®

Il is the density of the test piece in kg dry matter per m®;
m is the mass of the test piece in kg dry matter.

From the leached quantities of a specific component as calculated in formula (17), and the content of
the component available in the test piece, the extent of depletion can be approximated. For this, the
relative leaching in the diffusion test must be calculated using the formula:

U,
UPyir; =0 x100% (D.6)

Tl

whare:
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UPgp: s the percentage of leached component in fime ¢ of the diffusion test in relation to the
availablz content in the test piece

Uz, is the leached quantity of the component in time f of the diffusion test in mg per kg dry
matter;

Ul is the guantity of the component available for leaching in mg per kg dry matter,
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Graphical representation of diffusion controlled leaching in special cases.
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E 2 Depletion of Mobile Component
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Annex F
Explanation of the calculation of the upper limit for leaching in special cases

If a material behaves as a porous matrix, it may be assumead that all components evenly distributed in
the matrix basically leach diffusion controlled. Ewven for this type of material it is not always possible
to demaonstrate for each component a diffusion controlled release using procedure 8.3.4. This occurs
mainly in components that only have a low availability and/or a high pD, value. Also other factors like
wash-off, dissolution of only the outer layer of the moulded or monolithic materal, chemical
specification, complex eluate compositions etc. can lzad to no diffusion coefficient being determinad
for specific components.

In some cases zlso for components for which no diffusion coefficient could be determined according
to 8.3.4, it is possible to give an indication of the cumulative relzase to be expectad based on the
results of the diffusion test. For 5 special cases formulas are given in 8.6 of this standard to estimate
the upper limit of leaching after a fime period of 64 days and for any given time peried T (=64 days),
respectively. The leaching & after T days will always be calculated from the g4 value using a factor
Y{T/64). Partly caused by the restrictions of the one-dimensional diffusion model it can occur that the
calculated upper limit in this way is substantially larger than the available amount for the object under
investigation given by the formulas

s=Upnmxpxd (F.1)
whers:

& is the calculated cumulative release of a3 component in the object under investigation, in mg
dry matter per m%;

Uhay 18 the available amount far leaching in mafkg dry matter:

I is the density of the test piece in ko dry matter per m™

d is the thickness of material under investigation in m.

If it is found that g, is smaller than er then the value of g should be taken as the best estimate of the
upper limit,

If a more precise insight into the level of leaching is required than an indicative upper limit, the
diffusion test must be carried out with more accurate analysis instruments, a longer test duration,
longer periods between replacement or 2 lower fluid-volume ratio.  This standard does not give
instructions for this as the approach is not normally considered necessary.
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E*1= 120.2867 |  1.8043 1804.3 1 0.015
E*2= 95.1200 1.4268 1426.8 1 0.015
E*3= 104.6200 1.5693 1569.3 1 0.015
E*4= 147.0067 | = 2.2051 2205.1 1 0.015
E*5= 106.5000 |~ 1.5975 1597.5 1 0.015
E*6= 23.0113 0.3452 3452 1 0.015
E*7= 85.6133 1.2842 1284.2 1 0.015
E*8= 73.5400 1.1031 1103.1 1 0.015
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Slope ,rc
Increment a-b
<035 >0.35 uaz < 0.65 >0.65

Increment 2-7 | Surface wash-off Diffusion Dissolution
Increment 5-8 Depletion Diffusion Dissolution
Increment 4-7 Depletion Diffusion Dissolution
Increment 3-6 Depletion Diffusion Dissolution
Increment 2-5 Depletion Diffusion Dissolution
Increment 1-4 | Surface wash-off Diffusion Delayed diffusion or dissolution
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Eluate fraction | n=number | LOD (Zn) CFa-b re SD, Mechanisms
561.8713 6 0.2 7023.3917 | -0.1052 0.3181 | surface wash-off
288.6647 4 0.2 5412.4625 | 0.1487 0.1442 | Depletion
362.1313 4 0.2 6789.9625 | -0.4916 0.1657 | Depletion
381.1380 4 0.2 7146.3375 | -0.6438 0.3081 | Depletion
476.2580 4 0.2 8498.3750 | 0.2908 0.4593 | Depletion
467.0333 4 0.2 8756.8750 | 0.5461 0.4802 | Diffusion
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