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Table 1  Fraction extractant and operation condition in sequential extraction procedure

s

Step Fraction Extractant Operation condition
Step 1 F1 1 mol/L NaOAc ( pH 5.0) ( Sample: Extractant 6h
ep Weak acid soluble solution S: E) =1 g 15 mL Rotary shake for6 h
Step 2 F2 0.1 mol/L NH,OH + HCl + 0.1 mol/L ( NH,) ,C,0, 4 h
tep Reducible (pH2.7) St E=1g 15mL Rotary shake ford h
F3 ) T 2 h
Step 3 Bound to organic matter 0.1 mol/L Na, P, 0, (pH 9.8) - S: E=1 g 10 ml Rotary shake for 2 h
F4 ST o 1h
Step 4 Bound to sulfid 6 mol/L Cool HCI St E =1 g 10 mL, Rotary shake for 1 h
F5
Step 5 Residual HNO; + HCIO, Heating digestion
o 20 C ( Rotary shake was performed at 20 °C in dark environment) .
2.4 XRD
(F1 ~ F4)
XRD Step 1 ~ Step 4 Step 2 Step 3 Step 4 o BCR
BCR XRD N
XRD o 5°~90° 20
0.048°/Step 576 s. Jade 5.0
(PDF 2004 ) .
3.1
X . ( d) 2. .
o Martinez-Sanchez XRD

2

Table 2 Mineral phases of sediment

Mineral Phase

Diffraction peak( nm)

Metal fractions bound

9

Quatz 0.33367 0.42398 0.24504 0.22789 0.21230 0.18156 0.16672 0.15390 F5

Tllite 0.99954 0.49722 0.44518 0.33367 0.32330 0.19910 F5
Montmorillonite 0.99954 0.44518 F1 F2
Kaolinite 0.71097 0.35514 0.32330 0.15390 F1 F2

Ferric mineral 0.28110 0.25991 0.19457 F2

Calcite 0.29853 0.47065 F1

Chlorite 0.71087 0.49772 0.35514
Plagioclase 0.31857
3.2
XRD 2a. 2a
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Fig.2 Variation of mineral phase of sediment after extraction for non—residual fractions by sequential extrac—

tion method and BCR method ( European community Bureau of Referece sequential extraction method)



39

1890

3.3

3. Step 2

Step 4

Step 2.Step 3

3a)

Step 2

9

3b

Step 3

Step 3

(0.86238 nm)

Fe

80000

TIOT0GER SELi TR z 0GR G L2
o GT9 Gh=RIOUZ  GL986') =P 9 L LY SP=RIUIZ L6266 |=| 2
O YR 0.2 2P - ~LSVTV=RRYE Y652} 2P 5
o] .
! 3l B nAU.. | e = AO_.
+10G 6E=BIZ 15642 2=P L LSV 6E=BIUR €618 2P
~065 9E=ENIZ _ 68E5Y 2=P <605 OE=EIU. 96eSY 2=P
wy
96 VBRI 561952+ == “G66 V=BT 161952=P .,ﬁ
L. O I ]
-QIGGZ=EI0UZ  ¥1v86 2P ), <OV 62814 50286 2=P ﬁs
TR HS0LE ~T58 L0-ERUT_ 9002 ¢=P I
L L
B0 SZEIE (VS5 E=P K < B0SZ=BRUE 20955 €=P [ a
<076 02=8IR4IC_¥62v2 v=p | o o
+096'61=RI0UR  LLVPY b= N 1B BL=EIUZ  COVSY =P N
~BER8=CIIL_§390L ¥=
VL LV=ERUT 1EVE6 V=P VLLLVERUC L2986 v=P L
o Lo
BIETI=ERYR 296L L=P 266 TIERUZ 0LCY LD H
= “BYZ0NERIE 9BE09 8P =
- VOLB=EI80Iz_ GO¥S1 01 < I6LG=ERGZ_ §IY00b=p I
LLLL AL LA EAL AARA) LALAY LAAAY LAAAS AL AL LALLM AL LAY ALY A vy T 17 ﬁ T _ T T 11 | _ el
[ e [ =4 (=] = o) (=] > (=] (=] (=] =0 e & = L=
(=4 = =) == = o (=] (=1 e ] =0 — o S S O 2
(=2 (=) (=1 (=2 (=2 (=) (=] o OO o 9 o o 9 <9
(=} f=] (=] (>} =) (=] (=] [=] = o o0 S 9 @ O
o~ O wv < on N — S L > O Vv T N AN —
(syunop) urrg (s1unop) g

+ 961 0G=RIUIZ  ZVLIg')=p

2508 Gv=IoUIZ  BE6L6 =P

+ BEV TY=RIUIZ  628C1 7=P
(=] '2s|
o EBY BE=IRUIZ  Ly08C =P

+ €65 90=RIUIC | LESY T=P
o CLEYE=RIUIZ 00699 C=P

o LV \E=RIUIZ L2098 C=P
+ £68'62=2I04z  $9986 2=

+ B68'L2=RI04IZ  6vS6) E=P

+ 0980Z=EI0WC_ 16V ¥=p

+ BIBVZ=RIUZ  GPOLG =P

+ 650 22=RIYIZ 06920 ¥=P

« 59861 =RIUIT  L6LOY ¥=P

2694 Lh=R104Z 96066 =P

B B Em Fa e

35

G B ()

____:_:;::__:;::__:;___;::t:,;__:___:___:__:__::

70000

60000

(=] (=) (=] (=) (=3
(= (=] o (=] (=)
(=3 (=1 (=1 (=1 S
(=] (=) (=) (=] (=)
v < o N —
(syunop) urg

(=)

30

25

20

26-Scale

Fig.3 Variation of mineral phase of sediment after single extractions from sequential extraction method

ab

(a b and c are mineral phases after single ex—

traction for reducible fraction fraction bound to organic matter and fraction bound to sulfide respectively) .
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Fig.4 Effect of single extractions on mineral phase of sediment in BCR method

(a and b are mineral phases after single extraction for reducible fraction

b

and oxidizable fraction respectively) .
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Effect of Sequential Extraction for Heavy Metals
Speciation on Mineral Phases of Sediment

WANG Chang' Du Hong® YANG Yun-Yun' GUO PengRan"'
'( Guangdong Provincial Key Laboratory of Emergency Test for Dangerous Chemicals
China National Analytical Center ( Guangzhou) Guangzhou 510070)
*( College of Science Shantou University Shantou 515063)

Abstract X-ay diffractiometry ( XRD) was applied to investigate the extraction ability of the proposal se—
quential extraction ( PSE) procedure for heavy metals speciation in sediments from mariculture area and com—
pare PSE procedure with European Community Bureau of Reference Sequential extraction method ( BCR meth—
od) . According to the results of XRD the sequential extraction for non-residual fractions by PSE procedure
and BCR method could strongly liberate their bound minerals to solutions however could hardly affect the
minerals of residual fraction. The extraction for reducible fraction by PSE procedure could more strongly dis—
solve ferric oxides that bound reducible fraction than by BCR method; moreover more slightly affect the min—
erals that bound weak acid soluble fraction. Except effect on the minerals that bound reducible fraction the
extraction for oxidizable fraction by BCR method had a more significant effect on the minerals that bound weak
acid soluble fraction than the extraction for organic matter bound fraction by PSE procedure. PSE procedure
has the stronger extraction ability and better selectivity for reducible fraction and organic matter bound fraction
than BCR method and can separately evaluate organic matter bound fraction and sulfide bound fraction.

Keywords Sediment; Heavy metal speciation; Sequential extraction procedure; Mineral phase; X-ray dif-—

fractiometry
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