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 OE ARSI TIRE NS X T X R IX XA 33 A HERE S 6 FoEi ARG BRI ( NBFRs)
A2 FREETERE (DPs ) e B KT R T AT TZEAS R D R X 4 43 A1 R AE A 3 ZOR R 45 S /R, X NBFRs 12 ,DPs
W AU L 43 92 1.06—981.51 pgrg ™" dw( ) \ND—352.53 pg-g ™ dw, 5[ SN L 4 F A AR 75 52 K
SF-.NBFRs T340 B 230 H Tlk X >4l DX > 440 X ) e #e Tii AS [ 25 B 32 31 i1 TBPH>PBBA >HBB>PBT>PBBz>
PBEB [{#a3. DPs -y BEE Toll X i P98 & W, HBB 16T R i3 B & 5 & 2L W% . PBBA [TBPH . DPs iT#
B 1M S , BRI Y5 YL UR B R L R EE , PBB2 A1 PBT 3E R 8 0 40, 32220k [ TR 44 b X 0 32 8 8 i ok
FEE NN N B2 X A 08 5 Y TR

KA HAIEARBEA (NBFRs) , f8 50 RE (DPs) , 3, NGl KT SRR,

NBFRs and DPs in the soil of industrial, agricultural and pastoral
areas in Inner Mongolia: Level, distribution and source

ZHANG Aigin CHEN Yijing LIU Chen LOU Xinyu LIU Minghui JIN Jun™"
(College of Life and Environmental Sciences, Minzu University of China, Beijing, 100081, China)

Abstract: The distribution and source of novel brominated flame retardants ( NBFRs) and
dechlorane plus (DPs) in soils of industrial, agricultural and pastoral areas in Inner Mongolia were
investigated. The total concentrations of X ;NBFRs and Y ,DPs ranged from 1.06 to 981.51 pg-g”'
dw (dry weight) , and from ND to 352.53 pg-g~' dw, respectively, which were lower than those in
other regions. The average total concentration of NBFRs in different functional zones decreased in the
order industrial area >agricultural area >pastoral area, and the average concentration of different
types of NBFRs decreased in the order TBPH >PBBA >HBB >PBT >PBBz >PBEB, respectively.
The average total concentration of DPs in the industrial area was the highest among them. It was
found that HBB was easy to degrade in the process of migration. PBBz, TBPH, DPs had weak
migration ability, which mainly affected the surrounding environment of pollution sources. PBBz and
PBT had strong migration ability, which mainly came from the long—distance transportation in low
altitude areas, and have become the common pollutants in Inner Mongolia.
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B HIRAR BHA5R) ( novel brominated flame retardants, NBFRs ) F17& 5[ ( dechlorane plus, DPs) J& P2k
HE Y pd BRI BA A /> AR PR SO0 A R Bl R 22 IR Tk 22 T 45 T NBFRs il DPs
Jo7FH ol 7 NBFRs R A DU PR AR K T H R AL (2-4 FE © ) BE (bis ( 2-ethylhexyl )
tetrabromophthalate, TBPH) | TL{R % ( pentabromobenzene , PBBz) |, 7% H 7 ( pentabromotoluene, PBT) | 7L
R 7K ( pentabromoethylbenzene, PBEB ) | 75 ¥ 78 ( hexabromobenzene, HBB) . N /& B8 1L 8 T+ B
( pentabromobenzyl acrylate, PBBA) 6 Ff#2&AY. U1 TBPH J2& o y5 I A8 fik (%) 5K i, B3 i v FH BEL 2% 551
Firemaster 550, £ 2 M T & 70 FRI5 1 s HBB WA T 4000, 25 0Ik AR I T BRI 55577 il v
PBBA £ FR-1025 (9053, FH T HEEZEAL G A1 ABS BA WAL = 19 h il A1) DPs J& LR ( Mirex)
(R AR, 8 PRI F S R a2 B A b R v

UTAEARA WIS W] NBFRs F1 DPs A K MAFATE T3R5 bR i 6 B Wik BB A B RIE T, %A=
ASEREE R0 AR Ay il B v nEUM 70 % T I, A ¢ NBFRs Fl DPs 475 Gk 25 Mok #l 5 | &2 1 BF 5% #1056
P w8 SR L /IO S| BN S YR 12k 3 GIORCEL /AUl NG W 3. I B TATIN o e L EE S
I BT R AL e 24 a1 A 3] 3 | GRS E 19 B ) — Bt 8] 1 75 Y R Ak AR T e W 1 4 k90 34 v ke
B R RHBEMEH.

FE HATC A NBFRs F1 DPs (AR SCHFSE ) SCTF(R 20 (1 P 552 i b DX A DL AR 3. P9 52 7ty b b 3
AL, A5t m o 3 P49 1000 m, 4550/ 6.5 C (NS A4 R,2017 48 ) MURR 9 35
BT TARMZ e 45k, BE T REAFAE A b Tl [X. NBFRs I DPs {5 44 5, L] & Fh T g I BEAL
N FE 58 PR P e AR A IR TS G I, DA SR b DR DA R LG8 R B 5 TR MO TR g X 1
1 NBFRs il DPs (/K FHFEAE 43 A BUAE #4898 NBFRs Al DPs (175 Y 5, LA SR 97 Ak 1 8 Rl X 75
ARDL PRAFT BG A ASPRBE B BRI S

1 MBS 75 ( Materials and methods)

L1 gl as Kt

Agilent 6890-5975N I Y ( Agilent, USA) ;2-4 LCS %4 THL( Christ, Germany) ; R-3 Ui 2%
JAX (Buchi, Swiss) ;BF2000 WAL (ALat AT 22 BHEEA R A]) 5 Aux120 HLF- K- ( Shimadzu,
Japan).

IECEE S B R (5D, I.T. Baker, USA) . FEZE ( Merck, Germany ) {iff i H — Sl I e 5t %
J5i 180 C TR 1.5 h W ME AL 3% B9 B TR s 2 20T S0 B LIt (5 2
F) s HRUEY) i . PBEB, PBBA  PBT , TBPH J H AccuStandard ( New Haven, CT, USA); PBBz.syn-DP |
anti-DP 1§ H Wellington Laboratories ( Gueph, Canada) ; HBB 4 H Dr. Ehrenstorfer ( Augsburg, Germany) ;
“C,,-BDE139,"C,-HBB " C ,-syn-DP Il H Cambridge Isotope Laboratories ( Andover, MA, USA) ; H:Ath 4}
Hraias R B FE 2448 AL AR A FR A B 5 200K (Millipore 22 R AIK RS ) .
1.2 R RAE

2017 4F 8 H R ARG NSEN T A A1 3 ZEINREIX 33 AR i, Tll DR | RIS RF4E 52 4T T
AP B X (HH) FidL sk BARE Tolk B X (BT) ,HH S N 5 50 Tolk bl X, A KRk 3 &), BT i
ZULERIGHR A T, ARG R K SR N 22 T B REISAL T AR 7 Bkt , AT TR N 58ty 1 X e B 9 T
X Al DR 3 P2 IR SRR R (BY ) B AL ZE B L (TL) BT R ST 32 2R H
DX AR E B AR B AR S ERAZ IO HEE (SR) | 2 22 5845 DU 1 HHE (UL |, AR S PR AR R 2 0 1 o 2L
KIRWG) HMARAE RS B ILIE 1 FI3R 1 s A RAE R 2 I, 3R R 22 2= 30 m JEI I,
FEVUFf R b e BB AR TR 3—5 om MRS 1 63 (500 g) IRSIEVER 1 AMFESR, B500 g B3 TR
WA PRl ] S5 3 T AT RAFE - 20 °C AR PR L.
1.3 FRhnArAbEE

A R TR R RE S 10.0 g, ITA 2.5 ng "C-HBB 2.5 ng “C-BDE139 4.0 ng"C,,-syn-DP , SRJ5 A
200 mL IECBERIAER(1:1, V/V) AR ARG A 24 h AEHORIEZ 2 4.0 mL A7, ARS8 /Ui
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YRS 4R A 1.0 mL ARG FHE AR B B GISEH (A T RN 1.0 g IGFLRERR . & 30% (W/W)
NaOH (1) 4.0 g i 58 2.0 TG ALREIR & 44% (W/W) H,S0,11) 8.0 g Tkl 2.0 g i LAk 4.0 g JC/K
Na,S0,) 73 B ¥k IEC BE 18 mL bkt , IEC e/ S 48 100 ml (97/3, V/V)IREHIVEN , Wk vk
WEEZE L 2 1—2 mL, AERE 0.1 mL.

N
A = PBBz
PBT 4 50°N
PBEB
& HBB Z
7
 PBBA /
_ Z {47°N
IBPH /
m DPs g
é
% __
Z 744°N
3 141°N
= 100
-
& 50
0
400 800 ki 138°N
L ' ' 1 L L
98°E 103°E 108°E 113°E 118°E 123°E

1 NS RAE SR BRI FERAE 5 L5 NBFRs 1 DPs (93 AR5 1iE
Fig.1 Map showing the locations of the soil sampling sites in Inner Mongolia, and the total concentrations of
NBFRs and DPs in soil from the sampling sites.
HH =Hohhot, BT=Baotou, TL=Tongliao, BY =Bayannur, SR =Siringrad, UL=Ulanqab

R1 ORHEANFER
Table 1 Information on the sampling sites

SRR AERRR AR

SR i £y FH
Sampling site Latitude/ ( °) Longitude/ ( °) 'Mean Annual mean‘ P'recipo Types
altitude/km  temperature/°C tation/mm
HH 40°09'—40°13’ 111°18'—111°23’ 1073 7.3 362 Tl e X A
BT 40°33'—40°40" 109°40'—109°53" 1037 6.5 325 e R Ak T
BY 40°37'—40°39"  109°14'—109°20" 1027 5.4 240 T O X
TL 43°58'—44°01" 122°58"—123° 2! 142 5.2 350 P SR X
UL 41°45'—41°55' 111°52'—112°52’ 1455 3.6 314 TR R X
SR 45°35'—45°42/ 116°57'—117° 7' 925 2.5 300 BB A X

1.4 AR Hr

3 4 1. 0% A J&W DB-5MS-MS ( J&W scientific ) , A 20 i HERERE 20, A M AR, Wi
1.0 mL-min™" ,*%J?ﬂ/ﬂ%%ﬁ:%ﬂﬂﬁﬁg 100 CA7-4F 3 min, 10 °C-min~' F} % 300 C ,1%%“: 8 min,%ggiﬂ%g
4 300°C . BT i 5 A Ak A H B YR (NCI) |, BEAE 1 B8 DO AR AT IR B2 49 1) R 290,150,150 °C, SRM
(selected reaction monitoring ) #5355 , PBBz . PBT ,PBEB .HBB .PBBA . TBPH .syn-DP 1 anti-DP %45 &
T (m/2) 530 H 471.6/473.6 .485.6/487.6 ,499.6/501.6 ,547.5/549.5 485.6/487.6 .383.7/385.6 .652.0/
654.0.652.0/654.0,C #ric i) HBB .BDE139 syn-DP #5251 43 5k 559.5/561.5.573.6/575.6 ,666.0/
668.0.



3498 2N

i

1k 39 %

g3

1.5 FratEEil 5 AuE

SR TR 2R AR A L R R B AR AL & 0 &, A5 o 6 AH ¢ R 8K r>0.9995, L 10 £ (5 1§
FeAE M e =6 R, 3 PBBz PBT . PBEB  HBB PBBA . TBPH ,syn-DP Hl anti-DP F46 i BR 43> 51
0.02.,0.02.,0.02,0.07 ,0.35.,0.25.,0.20 ,0.20 pg. SC5 14 12 AR 1 AL EA s FRIZS EOinas e S
55, BAREA PR BE /N T RE SR BE I 5% SR | T A 8 128 1 MR B (BT R i 0B A A I, R i o
& WARIEICEA 70%—120%.
1.6 Gtk

F G SPSS 20.0 (SPSS Inc, Chicago, IL, USA) , 70 BiIX A [a] [X I8 1+ € NBFRs ,DPs f4#
JE KSR SEME 4381 ( Spearman correlation analysis, SCA) , P<0.05 £ 4t i12# 7 X ,NBFRs . DPs B2 54
F 143437 ( Principal component analysis, PCA) AL # rpoxt T/ T4 H FR A9 1E ( Not detected ,ND) , 1%
FLAE Ry Hh B A —.

2 55118 (Results and discussion)

2.1  NBFRs ¥REE/KF- 5504 FFIE

6 Flt NBFRs( PBBz . PBT .PBEB .HBB ,PBBA [ TBPH) Al g &5 5 WLIE 2 g 2, T A4S e X A
ANFEFEE K . S NBFRs ¢ B 95 Bl & 1.06—981.51 pg-g™' dw (T H), FHHE 132.07 pg-g ' dw.
Y (NBFRs A [A] X 85 Ky AR v Ay BT Toll[X (374.53 pgeg™" dw)>HH TOlX (119.32 pg-g™' dw)>BY
AKX (112,71 pg-g™' dw) >TL AL X (85.66 pg- g™ dw) >SR #IX (75.53 pg-g™' dw) >UL X
(24.70 pg-g ™" dw) (AT T IXPERAE AL TBPH BORAE, T 3CHH R )  SUAT H Tl XY NBFRs 15 44 Af
Xf P X X AT RS N2 3 Bl A — s IR AR X35 KPR T AR X, AT BB RS2
SR PRALPE BT A HLET TS e R A R R BN St A 3R 2 R I A LT Y
P 2412 gokg 'O R TR R R SO LR A S (17.98 g-kg )T

6 it NBFRs 1) 7 2 4 & % 1 &y TBPH (57.61 pg-g ' dw) >PBBA (47.10 pg-g ' dw) >HBB
(9.83 pg-g™' dw)>PBT(9.20 pg-g™' dw)>PBBz(5.29 pg-g™' dw)>PBEB(3.04 pg-g™' dw) (F 2 FI[F 2).

PBBz
PBT
T X =0
L4 ES

Industrial areas :JIS:A
TBPH
B8 sn-DP

F X B anti-DP
Agricultural areas

300,00+

200.00

*
X
Pastoral areas

Concentration/(pg-g”' dw)

100,00 =

I N[ CIer iR

L 1 1 1 L

HH BT BY TL UL SR

2 SRR XK 43R NBFRs Al DPs (i B2 KF-
(BT Il HH (¥ 5% TBPH ¥ FEAR S AGETT)
Fig.2 Concentrations of individual NBFRs and DPs in soil from different areas in Inner Mongolia

(The extremum points of TBPH in BT and HH were removed )



12 3 IR T NSRRI IX A48 b NBFRs FI DPs BY7KF 434 HRAE M ok I 3499

x2 HWNHFEHAFEXIB I HEH NBFRs fl DPs [H¥R

Table 2 Concentrations of NBFRs and DPs (pg:g™' dw) in soil from different areas in Inner Mongolia

Yig Bl [ L- W )
o R A A
(pg-g™) (pg-g™) (pgg™) (pg-g™) (pgg™) Detection rate
BT(n=8) HH(n=8)

Tk PBB 5.06 1.98—10.29 3.88 100% 3.63 0.28—8.90 2.12 100%
PBT 7.10 3.82—12.69 6.11 100% 6.41 ND—I12.71 5.28 88%
PBEB 2.97 ND—6.95 2.33 50% 1.78 ND—5.82 1.06 50%
HBB 429 ND—9.86 3.16 88% 19.08 ND—57.01 6.99 63%
PBBA 93.81 ND—309.92 36.75 50% 43.73 ND—147.52 13.14 50%
TBPH * 261.30 62.42—971.57 182.04 100% 44.68 ND—163.09 37.26 75%

Y NBFRs 374.53 86.22—981.51 374.44 100% 119.32 3.32—381.09 97.53 100%

syn-DP 39.12 4.49— 14475 26.24 100% 30.41 6.17—75.94 22.53 100%

anti-DP 62.11 5.11—207.78 4233 100% 49.85 11.03—103.18 30.86 100%

¥ DPs 101.23 9.59— 352.53 68.57 100% 80.26 17.20—179.12 53.02 100%
BY (n=5) TL(n=4)

ARl X PBB 8.29 1.47—32.83 2.12 100% 4.15 3.02—4.76 4.42 100%
PBT 10.77 ND—32.70 7.50 80% 8.19 4.19—12.25 8.16 100%
PBEB 1.72 ND—4.40 ND 40% 4.81 ND—9.00 5.13 75%
HBB 8.24 ND—15.64 8.64 80% 12.63 ND—27.52 11.79 50%
PBBA 49.25 ND—136.41 ND 40% 54.03 30.33—62.87 61.46 100%
TBPH 34.45 ND—172.25 ND 20% 1.85 ND—7.40 ND 25%

Y NBFRs 112.71 1.47—363.25 29.99 100% 85.66 42.20—112.79 92.91 100%

syn-DP 24.43 6.55—50.32 26.84 100% 14.82 ND—38.41 10.42 75%

anti-DP 35.13 11.97—65.18 36.86 100% 24.28 ND—50.86 23.13 75%

¥ DPs 59.55 18.52—115.50 67.53 100% 39.09 ND—89.27 33.55 75%
UL(n=5) SR (n=3)

I PBBz 3.27 1.06—7.28 2.62 100% 7.36 4.73—9.55 7.80 100%
PBT 7.42 ND—14.68 7.88 80% 15.32 7.85—24.52 13.57 100%
PBEB 0.66 ND—3.31 ND 20% 6.31 ND—12.95 5.97 67%
HBB 5.80 ND—29.01 ND 20% 8.92 ND—15.07 11.69 67%
PBBA 7.54 ND—37.68 ND 20% 34.27 ND—51.85 50.97 67%
TBPH ND ND ND 0% 3.36 ND—10.07 ND 33%
Y NBFRs 24.70 1.06—49.53 18.47 100% 75.53 34.07—101.24 91.29 100%
syn-DP 2.78 ND—8.77 ND 40% 20.54 ND—39.20 22.42 67%
anti-DP 7.83 ND—27.56 ND 40% 40.28 ND—79.90 40.94 67%
¥ DPs 10.61 ND—36.34 ND 40% 60.82 ND—119.10 63.36 67%

# BT M HH (5% TBPH ¥ AF ATT5. The extremum points of TBPH in BT and HH were removed

o TBPH (7 Fede K, o8 43% (11 3) BT A HH P Tl X445 1A~ TBPH ¥ 57 3 LA R 5 A
ANBCRYL, 790 63298.20 pg-gt dw . 74516.77 pg-g dw, FEINH Tl X AT fE4EAE TBPH Y 0575 ¢,
S HERA b S WA TR DI RE DX TBPH 75 G AR AE , 78 155 1 I JH P 2 e A A0 35 3 W A . 32 s T 5 L 52 i
BN TV X TBPH -2 & 7K SRS H R 2 B i ( BT, 261.30 pg-g™' dw,100%; HH, 44.68 pg-g' dw,
75%) FEE TALIX ) BY 0 IX (34.45 pg-g™ dw) BRI B Tl XA TL 4R0L X (1.85 pg-g™" dw) i i
JUAE AP XA A 1 ASRAE SR A XA SR H 1 ASSRAE Skt HLVR BE KO B Ik, S A
F 1 TBPH {50 B AP T Tl X BT Tolk X F- 3k B K F 5 T Yadav 52 #5755 A9 JE A /K Kathmandu
T (150 pg-g™" dw) KT Pokhara Birgunjm 1 Biratnagar A9 3 38T 4338 v A8 4 B (MK VKA 1040 pg-g™
dw. 870 pg-g™" dw 1 640 pg-g " dw) , 55T Li %" WG BUBEE (150 pg-g™" dw) FIEIEE (91 pg-g ™ dw) Il
7 ARA H 3D TBPH AR EE  HH Tl DXNIAR TR IR B FHENEE .ttt Y, TBPH YK PR S T #%
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A58 , N S8t i DX A 75 e AN B AEL T R A ST Tl DX R U5 e Y2
@PBB; @PBT @ PBEB @ HBB @ PBBA [ TBPH

100
90
80 H
70 4
60 |§
50
40
30
20 |
10 [ £

Percentage/%

HH B BY TL UL SR Inner mongolia

3 S RIF X IR SR NBFRs (9418
(BT 1 HH [ 55 TBPH W ERII AL )
Fig.3 Contributions of the individual NBFRs concentration in soil from different areas in Inner Mongolia

(The extremum points of TBPH in BTand HH were removed )

PBBA 78PN 5¢ i i [X 48 NBFRs 19 -3 1t h 35% (&1 3) P35 He i 47.11 pgeg™' dw. 5 Li %1
BIFSE RO i 3 PBBA SPIVRIE (7 pgeg™ dws HAS,89 pg-g™ dw; #hE,24 pgg™' dw; il
75,9 pgeg™ dw;EIEE,9 pgeg™t dw) AL, AU T H 7. 4% X 48, PBBA “F- 343 FE /K - BT (93.81 pg-g ' dw)>
TL(54.03 pg-g™' dw)>BY(49.25 pg-g™' dw)>HH(43.73 pg-g™' dw)>SR(34.28 pg-g™' dw)>UL(7.54 pg-g™' dw),
15 Yt M E S BT Tolk X, 5efife: SR A1 UL X . PBBA {XAE TL HH H1 5N 100% |, 111 78 H 2 X ek 41 1)
ot R T LA 3 M 75 e ) AR B OCTE 2 R 4R IX A HH R i 1Y PBBA YR EEZKF- 8, 3K
HOE Rk BE KSR AR X B NBFRs H 5 He A (TL, 63% ; BY ,43% ; UL, 31% ;SR ,45% ) , At , PBBA
XA BLIX 52 M) AN 75 A0

HBB 76 A 5 i b X L3 NBFRs (19725 5 [ 7% (18] 3) PR L 9.83 pg-g ™' dw Ak T H
AR+ HE (6300 pg-g™ dw) BRI A HEDT A N K2R (8300 pg-gt dw) T A AR AR R R
46 pg-g ' dw) ™ (B TR B (ND—4.48 pg - g dw) . & X 8 HBB F ¥ ik BE /K % & HH
(19.08 pg-g™ dw)>TL(12.63 pg-g™" dw)>SR(8.92 pg-g™" dw)>UL(8.80 pg-g™' dw)>BY(8.24 pg-g™' dw)>
BT(4.29 pg-g™" dw).HH Tl X A 38 i () S 2k B /K S fe s, Tl BT Dk XK e fiK. T RE T HH Tk
Pel X NAFAE K T ) R R S B A K, HBB Bl i I e PV S BRI 17 BT Tk IX
BR A B RETRAL T, HBB B VS AR X HH Tolk X B/ (A3 B A2, 79 Tl X &9 HBB A4
FIFRAILF] 100%. 53X B8] HBB FEASEE h I AERe AW BT, R B vh 28 5 [ fie

PBT .PBBz 7E N5 1 i IX. -3 h NBFRs (19724 5 LMK T 7% (1 3) fHAG 1 352 6 Fft NBFRs
e e 1, I TCAASTE AR 2 45 X3 PBT ~SFR4% B 7K SR (15.32 pgeg ™' dw) >BY (10.77 pg-g™ dw) >
TL(8.19 pg-g™" dw)>UL(7.42 pg-g™' dw)>BT(7.10 pg-g™' dw)>HH(6.41 pg-g™' dw). TAL XL TR
HEIX, Tl X AR B 5 Y X 45 X %, PBBz S H BE /K SE- 4 BY (8.29 pg-g™' dw) >SR(7.36 pg-g™' dw)>
BT(5.06 pg-g™' dw)>TL(4.15 pg-g™' dw)>HH(3.63 pg-g™' dw) >UL(3.27 pg-g™' dw) , TV X Ak Ik
e, ATBES PBT AHZEML, 15 4L 9F Rk A T TOlk X . ARFSE S Li 261 BF98 A i 1 [ 14 h PBT . PBBz
WEEACEHIS (1—28 pgrg™ dw . 1—12 pgeg™ dw) (AMCTF IR EEDT M K42 (360 ng-g ™' dw. 300 ng-g™ dw)""
FE 5 2 A B A & 35 N KA (R BE /K P (5.57 ng g dw .5.43 ng-g™" dw) ' [Fli}, PBT PBBz ¥
FEARIZE Y SR A X KPR g, ml RS L ARAR T At DX, A5 ) 3 B B B8 19 1 Yo ) B 3R A G (B AR
2P T BA R A TS YL AL

PBEB [ FEAE N S8ty 35 -k B /K 51K (0.66—6.31 pg g™ dw) , B R SR(6.31 pgeg ™' dw) >
TL(4.81 pg+g ' dw) >BT (2.97 pg-g' dw) >BY (1.72 pg-g™' dw) >HH (1.78 pg-g™' dw) >
UL(0.66 pgeg ™ dw) . Tl DX FEIF A TA X 1 HHAS: 23R8I, IR Sy 2 v 83 35 e ).
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2.2 DPs By KR40 A FRAE

DPs MzES5 R a2 2 il 2 F7R, X, DPs W BEEHE: ND—352.53 pg-g ' dw, PR 58.50 pg-g™' dw. 5
Y (NBFRs H b BERA , (H 5 175 8 =1 I DPs (3¢ B (ND—48.3 pg-g ™' dw) P Ik FAb 5t KA 2
A A N KA VR JEE (12.0 ngeg ™ dw) ) A [) ISP 349k BE /KE- R B BT (101.23 pg-g™' dw) >HH
(80.26 pg+ g™ dw) >SR(60.82 pg-g™ dw)>BY (59.55 pg-g' dw) >TL(39.09 pg-g™' dw) >UL
(10.61 pg-g™" dw) ([ 2) . Tl KORALH BE K F-die i, HLAS HE R 1009% , 1T DLKTE Tl IX A7 7E DPs ¥5 4%
J5. 55 Tk XA BY Rk X B AR IR BE KA i (RS H R [E Rl 100% , T HE DPs V5 44 B 22k H TP T
Al DX FESE Tl X UL 5 DR BE eI, 4 S 304 R 40% , AT RE5 0 X AT sh A Fn i h A BIL T
AR DG AHI B P Tl XY SRR DX S H i e , P RE S ST U Tl B A G, O B g4k
(R B B LU AR ST RS Y TL A0l X T A R T 15 G (R 562K T DPs WERE e 1455 , vl g 2
S ) 5 375 YL U A Hh X

DPs f77E 9 Ff STAR SERI AR syn-DP 1 anti-DP, ‘E AT IR 55 H 8 — M £, Bn (fo = anti-DP/
X,DPs) &l 4 R T4 X e DPs 1Y £, , R R 0.602-0.682 (GETH AL & AR K 1 £1) , 55 Wang
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Fig.4 The values of f, (except undetected points) of DPs in soil from different areas in Inner Mongolia

2.3 NBFRs il DPs B fi#HT

FIH SCA 73871 T 52 Hu X NBFRs \ DPs 4% V- 359 5 /K 18] A AH OGS Tl X PSR AE 55 TBPH
W RAE) 5T & 3, TBPH 5 H Ath NBFRs [H] ¥ N £ 76 4 5GP, TBPH A 2 i 15 6 28 ik 19 25 AR, 2
Firemaster550 I Firmaster BZ—54 9 =243, HAE Tl X 75 5K i, 535 A TBPH (K BHAAFI7EZ X
WA A G H TBPH AR AE JI AR , B 22 LI E1075 Y U5 A 32 A 38 vpr | ezt 88 Tl X ) 4 41X 52 i)
BN A X PBBA 5 HoAth NBFRs ANAEAE SB35 PRG35 PBBA J&—F AR T oAb il ™= Ak
FEETEARBELIA ) 20 A5 S A [RIRET A BE S 8855 £ anti-DP | syn-DP 5 TBPH [A]7£7EH FeE (r=0.485,
P=0.006;r=0.488,P=0.005) ,5 PBBA [AIf£7E55 A & (r=0.373,P=0.033;r=0.353,P=0.044) , i}
DPs 5 PBBA TBPH EA AL 43 A5 Hi . HBB 5 PBBz [AIfETESSAH X (r=0.353,P=0.044) , [F} PBBz
J& HBB SRR BARA IR ) HBB FESAR BN T A i B 5 & A A, HH Tl X A74E HBB (475
Yy | BREE th 34 PBBz A RER [ T TV X (4 HBB ([ A% 7 1. P 52 1 Hl X 3% 3k 7775 1975 44 4 PBBz
5 PBT Z [ fF7E B A (r=0.571,P=0.001) , 0] 80 & H AT L% 75 42 5. 72 NBFRs Fl DPs
PBT F1 PBBz 5 F i A, SEAS BE A X258 AR T 4 b X 1) 35 e ml BB BE 25 555 1) D 5l o JRLAE S, T
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ShitE—2E 5y T N ST 1458 NBFRs Fl DPs PV AER IR, X 33 AN LB RS G 1 0 o it 53 0k 78
AT HT (PCA) AR5 3 A4S oy, SLff B LT 25110 72.8% , R4 1 8 3 SR T 32.9% |
22.8% 17.1%. .39 Wi 1 7 syn-DP Lanti-DP ,PBBA HA7 %5 5 f 1E 247 , 4351~ 0.956 ,0.948 .0.815. &
BT 1 HE— B 3R (92 TBPH(—0.180) , BARAESHE A, 18 T Tl X 1975 G /K St v T Hofl
1G4, R B =I5 Y o F 2 H K IR RS RE 1 055, T 2% B e 5 Y R ] 1 IX S i e, vl i
DL RS YA . M4 2 H PBBz PBT HA 40 B IE 2k far 40 514 0.833.,0.753 , X Wil o 7505, 5 T
LR, PTRELAGE IR TS e 3. F 5 3 1 HBB HA & A 1E i (8. (0.637) , HAEMIRE N AT Bl F2 5 5
REfEE AL, A R AT TR F2 800 1 0 2 M8t — 2B . L 5 s 2 R ML 45 1 BT A5 A NBFRs 1 DPs
F 4R B Sa HHIEN N SR AE AL T PCL(-) 1 PC2 (=) K, 5 H M RFE S AETER KR, BTl IX
TBPH HA W ARAE AP RAE A, EZE3Z2 5] TBPH (15 J5T5 Ge. 18] 5h A B Tk DXCRAE i i 27 KT 3
AYEC, BT Tolk Ko e 4 A b EAGE TV IX  UEAF A5 R K R il 22 Ffig U R JRAL T A P2 Sk iy | SR
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Fig.5 Plots of PC1 and PC2 for the samples in soil from different areas in Inner Mongolia

3 %4518 ( Conclusion)

SENAMEE, NS H T AKX 13 1) NBFRs Al DPs #4940 F3ARK -, F3475 YK PR B H T
Ml X >NV X > XA 23 A 45 05, AN TRI 2SR ) NBFRs P29k B 81 Y TBPH>PBBA >HBB>PBT>PBBz>
PBEB &% TBPH J& Tl X Y 275 Je ), 75 B 0CHE H 75 44 ; PBBA X A HUIX B 52 M 4L K. DPs 55
NBFRs #H H {5 G K FARAE L/, FE B0 X > A0l X > Tk X f#a % anti-DP ,syn-DP 5 PBBA il TBPH J
A EAHOCE , rTRE S HAA MRS YU HBB fEA S h 28 5 & A Wit AERF AT 4o, i B BB T I 559
() PBBA \TBPH .DPs =223k H M Tolk X By 515 44, 3B 68 S8 9 PBBz A1 PBT, Tk X 75 4L /K-
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