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Chlorine Speciation and Concentration in Cultivated Soil in the Northeastern

China Studied by X-Ray Absorption Near Edge Structure

LI Jing'?, LANG Chun-yan', MA Ling-ling’, XU Dian-dou’, ZHENG Lei’, LU Yu-nan®, CUI Li-rui’,
ZHANG Xiao-meng’

(1. College of Materials and Chemistry and Chemical Engineering, Chengdu University of Technology, Chengdu 610059, China; 2

Key Laboratory of Nuclear Radiation and Nuclear Energy Technology, Institute of High Energy Physics, Chinese Academy of Sciences,
Beijing 100049, China; 3. State Key Laboratory of Electron Positron Collider, Institute of High Energy Physics, Chinese Academy of
Sciences , Beijing 100049, China)

Abstract: A procedure has been proposed to determine chlorine speciation and concentration in soil with X-ray absorption near edge
structure( XANES) , and this method was applied to study the cultivated soil ( bog, dark brown and black cultivated soil) in the
Northeastern China. Qualitative analysis was carried out by least-squares fitting of sample spectra with standard spectra of three model
compounds ( NaCl, 3-chloropropionic acid, chlorophenol red). Linear correlation between the absolute fluorescence intensity of a
series of NaCl standards and the Cl concentration was used as quantification standard for measuring the total Cl concentration in
samples. The detection limits , relative standard deviation( RSD) , recoveries were 2 mg-kg ™', 0% -5% and 77% -133% , respectively.

!, The average relative content was as high as 61% of organochlorine with the

The average concentration of total Cl was 19 mg-kg
concentration of 1-2 times as high as the concentration of inorganic chloride. The distribution trend of the total Cl, inorganic chloride
and organic chlorine in different types of soil was: bog arable soil > dark brown soil > black soil. In conclusion, XANES is a reliable
method to nondestructively characterize the speciation and concentration of chlorine in soil, which would provide some basic data for the
future study of the chlorine’s biogeochemical transformations.

Key words:soil; chlorine; speciation; concentration; X-ray absorption near edge structure( XANES)

FIE—FAE AR AR OUR IOl R BT AR AR R . 535 A LR A P bl
HEAA YA RS S SR EYERAC A0S TR TRy ARl AT AFAT I, Al s Tl
AR 1954 4R GUBE MR T O E SR SURAPEL, RIS RGBS, BRE
JER AP A AR Gl 2 ke SR ALEE S R B RS A A SR
HOEATER | XHE RN ETR BT RN o b 2014-03-02, 1T E: 2014-04-03
e AR R 23] e\ 1 LS T i T Rk BEUH: FEARFFEREIH (11375212, 11275216) 5 M

JFRE AR T (12120113002400 )

I P P B T e G R AT A SR C1988 ~ ) A B LB R S
Yefb2#  E-mail ; jingjing19880414@ 126. com

ﬁi*ﬁ%ﬁﬁi%ﬁi‘jﬁ%%ﬁ% , Xd-’ﬂ_f% E‘JEEJL(Z{ H # JHIHIKFR A , E-mail ; malingling@ ihep. ac. cn



10 4] ZEANAE . A XN ERORGE A5 A TE AT T A A P i SRR S K 3837

TR PESFRRIE. BB O TERF R EE A 2) 51 A4 BR
PEHI R 12 M AMEA IS Qe & ARA LS
Yy, o 8 Mg AT HLGAA S #RBAT S i =507
(Bum | Bom |, B EH. IR ARG
ey EEAHE. LR PR A YT L
Y- R G, & e s ETE b XA
MG e . PR, e B g SROT R AR S
LN TAEYRAKRET | ESIE LS AR
JRHA R

H S S it o T R A S e I E T
WA DAGNO, T EE | 1C Bk A8 1%
it QOGS SR AN E —Fh a2 F R E
APAAE YRS XL G B )7 1k s EE)
FERIEAT AL BRI 23 B ali Al , 253 i B AR TR 1)
PUREEBMITFIL S RS, HARE S [R] iy % 5]
ZREICR RS S, AHOCHIE S R B TE PR 45 K
AR b TR AT ) S R A LA T AT AR IR
AHLFR AR 50% . H G, B 500 9 Hr T B
P B B AN RE LIS | AT b Sz e - AT i P AR
TCRME N E R A O AR, X S
W AT 341 45 #4038 ( X-ray absorption near edge structure,
XANES) 52— P58 P8 R f oo 3R A s s Y
JRF TR ORI JC R A AN TR R i B i T
R B H T — AR/, Z I BRI E i Hf 2
B, FRTE 2% B S A7 4 BB 400 X BF 5 i
BITCH ST DT GRS RE i 5 A FRAE AN T R 1 A
SRFPZS AR BN MR B BB S T 4E. XANES 5228
IR T s ZRon IR S A SRS, 0
BB mhte e AR 3B R
BEAIAL G Y06 i e D S REAL A AR S OGS ok
PEATRE M I s B o b, A SCRR[S ~ 7 ] R
XANES X H3eh HARTCR 24T 7 & 0. #F
FERW], XANES SGiExf T TR A B S A A
RS AN R, T DL e R 2 n Ak IR S
i EoT R AR SRS, 7,18 ] R X
JIEWTIE T AR L HE VL KR MR E s Ak 2 1T -
ot R MRS KO A B Leri 4ED) AN
Myneni[lg]ﬁﬁﬁﬁfmjﬁm{%\ R R @A 5 X 3
TSR XANES 1% 51 5 AT B 2 22 5% i 2 D O i
P s e ) o7 A SO R S 4 O T CL RO B
AR, Horb i A e 19 T L AL & 4 1 WS e 7 T
REFR s AL, W B - L BAT — > 5 R AY I
AU L T RE REALARAL , IR AR B, e
re B M T SR A I LS IR T 97 A 5 (0.6 eV). H

FIR ] XANES 353577 #F b+ 458 b G0 2 0 M DG 9%
PWAMEARAT A,

ZR At Hl DR b TR 4 A b TR 16. 8%
TR E SRR AR A R R — R IRE AR 30 4F
Wi BRI AR = R A . PR Bt
FIE B0 AR b b DA =9 7 3R ) 3 s AR A
-4 TR S M X AR T R B
R, AR IR HIX 3 Fh il fe ff + 358
P4, K XANES ¥ 2 HE oo R AN Rl s iy &
K AAE L, LA A SR A 58 A b X1 S R Bk
PRAA A PR LI Al A5 B

1 #B57EE

L1 AR5 iG]

JestlRl LR ABTA ARG ; AT201 & K-F
(Hi+t METTLER 73 #]); Milli-Q Plus #8 4l /K & 4t
( ZE[E Millipore 23 F]) 5 Alpha 1-2 LD plus 3255 % Y
PR HL(EEE Christ) 5 8 B AE B (K ERHG
(% k5% /A DS e R NS E ¥ R o 2 AT
5T 5 TG16-WS 3 3 e 0o AL (SRS L LAY
A BRATE ) 5 8411 AU SR IHAL (WL LB
FELPHT) 5 TTR-100 B 43 P R AA I3 B A (i
B BTN ; HAR 20 em B HAE 10
em E 0.

RN W5 R (Polyacrylic acid, PAA) ., 3-F N &
(3-Chloropropionic acid) , F M 4L ( Chlorophenol red)
By [ vy A% B BRI Ay (i) A A A AL
(NaCl) Ay gt W F 1 24 8 P AL 7 50 A BR A
H]. S FOK ¥ Milli-Q Plus 8 4l K £ 48 i 45
(18.2 MQ-cm).

1.2 FEECRESH&

TEARICH X 7 R A B TR+ BRI
TOPREE AR S AR . R RO AR A Ty 2
FEARFE S BEHIRAE 0 ~20 om 2 H50 IR G
I EERE S, A AR S & I S S U
T HE B SREE RGN O BN 1 B AR AR Y R AR AL
Bk, PR KU A FAR KT, R FH T B 12 A
AR A K A 43 > 2000 pm, 2 000 ~
1000 pm, 1000 ~250 pm, 250 ~53 pm, 53 ~20
pm DL <20 pm 386 AN RAROR 41, e B0
UURERL 5 2R AR IR ATV VR T4 R 1
AASRAR B S BC LA, 2% DR i B B T 2R L AR
A

S Leri % (90515 L PAA 43 B K i



3838 AN 5%

Fl 35 %

Ay,
=

FBRERE . SRR R SR SE RS fE CL Y K i
XANES i &b 7 A= 117 5 e, i 3% &1 53 B &2 24k, Tl
PAA ARSI BT DAL 5 R AR AL R & A
RUA PR, n] R - 44 4y IeAh, Bl —
b BE AT SR A 4, T LA i HOK 8 5 s vV
TR A R A0 Y 1 (bR ERE i, PAA IR EHLA
PFRE PE RV R PR R R

3SR 3 x 10 " mg-mL ' B9 SALAN . 3-A N
1% DL N SR B LR MV M. MERR AR 300 mg PAA Ff

i 50 mL R OIGELAE T IMA 3 mL 31Kk
T, fFH RS, I # HL 10, 30, 60,
80, 100, 200, 500, 1000 pL ¥ 3 x 10 ' mg-mL ™"’
(1) NaCl ¥ & PAA T IFIR A X5, Lok 3k
HL— R NaCl ARiEVE . LA, K 3 AR A
FEREASIR L) (D3R 1) I E PAA W58 — &
YRGS, HANRE TG K R NaCl A5 %S
WHEAT Ve R T4 o 58 T /K % 5 1) 300 mg
PAA BRI S R PR 2 R .

®1 RBENENRPSTENSREE

Table 1  Chlorine speciation and concentration in mixed standard samples

e BOAR T ERE] g
" /mg-kg ™! Hor /% it/ mg-kg ! HATH/ % i/ mg-kg ! HAH/ % Fr/mg kg !
1 30 33.3 10 33.3 10 33.3 10
2 160 37.5 60 25.0 40 37.5 60
3 300 33.3 100 33.3 100 33.3 100
4 800 37.5 300 25.0 200 37.5 300
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Fig. 1 Unnormalized Cl 1s XANES spectrum of
NaCl standard in PAA matrix
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over different concentration ranges
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Fig. 3 Normalized Cl 1s XANES spectra of organic

and inorganic Cl model compounds
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Fig. 4 Estimated CI concentrations from least-squares fits

of mixed-standard spectra with pure standard spectra
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Fig. 5 Normalized Cl 1s XANES spectra of soil samples
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I AR, LA, AILA & E 0 oty .
HEL > Bt > B+

R2 Fit#tiEhSTERSRAE

Table 2 Chlorine speciation and concentration in cultivated soil in Northeastern China

e BCl o TEHLA JE 7 HER
" /mg-kg ™! HA/%  Aht/mgkgT' EHAW/%  Ahb/mgkg' HA/% 4t/ mg kg ™!
a. [REHE 22 36 8 55 12 9 2
b. I 18 37 7 60 11 3 1
c. Bt 14 40 6 56 8 4 1
d B+ 12 46 6 54 6 0 0
e. WET 23 46 11 54 12 0 0
£ WEL 24 30 7 55 13 15 4
W Fixeg ™ MBF5T, £HEH C1- FEAES ~ 10 .
3 &g

mg-kg B JE ARSI (S SR RLE N2 B e
31%. T FFl e b X+ 39 b LA & AR Ak
FIA 6 ~ 11 mg-kg ™", P I T DAXTIZ b X 35 24 Ml fif
FH& AR (40 NH,CL, KC1) , Va4 Kab 5 &
B, MEE SRS . R 1 A, R A X AR B
ANAEIAMN EZA 5y, HEREE N 6 ~ 13
mg kg ' TS HFEMTEFE RO ~4 mg-kg ™. FHi 1
B A ML 4 K 2 BOR IR A A ML AR 245 14
J0 D S 1 O Tt X Y L BRI — i hy JBR)
A=A AR 2 i L nEd st EAL i, X
G, KRS, Z X E AL A & B T
PR A R BT AN TP T AL A R BRI AR
WEQE, UL TS YL I8 00 b 7™ i, T o HLdb A T B (Y5
YR,

(1) 57 1 Bt b ST R AR 2 L 5 i U
TE T VT 1 BAT R B ERA L | 4 R LA IR
Rt R, - ELICTR W A il A7 TOUA BE 38 0 1 T4k
AL RERT HBRTCR A B A T i A S

(2)3 Pl A B 4 3 b [ b 2 70 + Y 5L
F AL TR — K A HLEC FOL R P A
PN AR B B B

(3) S5, AL, APLE S B A ka5
hREL > AR > Bt

(4) AT gt — I TEA XA S 3K L Bk A
FHRFR AL T IEA Kok

B BT [ M R S e ML ER ) B L ER
A TSI AR AR A P SR A B R AR .
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