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SRR AL AT IR, XF AT T A SCHR AR AR A AT E R ARG o AR IT, S PR T ZCE A BN ARE
LG FIETIS , 2248 i LAY pH, o2 (ol b S A F G2 T8 A3 28035 it o 20 BORI R 2 1% o ik B2 38, (B0 IR iy
APRETEAE 2 F bR . I EL, ARE AN [ A e G, B I T2 R RO A R A A BRI R TR o 2 A
W T HCE AR AN AR E A 2R, R S R A OSSR R MR, IR X G R pE A A
Wi o 2 FbBg AT I B8 U Xof 7 < A L BCR B SE M B/ o ARBIESE AT D AR H S i i) T A B RS
KBRS BCEIDY; ERRAUEd; ARGE TR RN BeEES

TP YE AR U E S R aE N B, Ko, R E-AHE SR E WY, B
i, BTook g G R VS L 2 AR AR e AR 2GR, b ) G R U RAFIE A, AT
T RIS, BZGRBIREE AR B AT TR A BLTS G A HR AR I R R U3 e fin B
% 100~300.°C; FEARFF 20 min DA b, HIEHEHLE RO DL R GR Y, 7EAN I &R A
BLAE A V5 Ge it AT DAAR A 37 b 155 0 B A 2 Fhpe R o

HAT, RIS G JE- AL G5 0, W RN LBRANIS Y, BBREES TG A
FH 720, B fin - SR AT B S RS I AR E AR 2 ) o B, DX RPN R 2 R,
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AL R B B, SR o de e R A R 12h, EEEAIES BN E, Hig
R TR MAEMLAMCEIRE, 78 500 °C LA R 25 min 40T, 48 112 H 068 E T+
AR, T4 R IEAS B R A S AT A SRS ) AT AR AL S RN AR i S T AR

SR, X F7E 200~300 C il T Fe (9 R TOL T, 438 vp 5 4 8 WA7 2 25 10728 A0 175 100 Sk
FFT . BRI T2 AR RS T2 AR R B R Y TS 2 R 4 R E Ak R R RN B
Wi, X ARG T AR TAR A BB Bl o TACR A If E M. 28 Tk, ASHIF 50K 8 ot
S A PR R T 2O I ) 4 R AR ARG s e, DL TR I H SR Y T 4R
HE%
1 MRERF®
1.1 il

A S5 A A 8430 SR T R N L P R Al mtE g o He BV R I RN b M TR
BEf AR 1, e R E LRI N Fixall, HFEZA AR « KA AL ; H,
TR 55 S HoK &9 i lL 2928 70% . SRR 20 20% . AdbEE 290 5% . pH R 7.5~8.5,
1.2 LIgE

ARSI T A S A B A% Ok 22 BORS A P TR 000 (BTF-1200C-T0, D1 & e B & H R A R A A,
i AR SRR TR NP T2, IREAE 0~1 200 °C JA] A3, 2 HIAE b+l ¢,
2 LIt
2.1 HmAE

AL ILE 16 P T 0L, AFALIE T AR E 3 IRER , DRI ACHE 2R W T 00 Ak B 1)
TR (LR 1) 16 FALH T A FHE R s e T EE 510 150 go AR IR A4 75 =Xk [) 2 44
ZZ 4, AR [E] 24 30 min, IR ) HARE S G118, o, W AT R e R AL B RE S DL+
HEEE R 10% N2 R AAE], A OKERERTE 17%, FR4 85 R 14 d.

Fz1 HmLE

Table 1 Treatment of sample

FEmAES PR C ZhR /% Kt Fea Ui IR C MR/ % KA
CK-S — — PR LG-S 200 10 BRPYRTI%
CK-B — — Je5tE M LG-B 200 10 JemtE
CK-H — — i) e A HG-S 300 10 BICPG Rs i%

L-S 200 — PR HG-B 300 10 JesTiE M
L-B 200 — Bw=eii Pl HG-H 300 10 U [EaRIN
H-S 300 — PR G-S — 10 B PG R I%
H-B 300 — e s M G-B — 10 A siE M
H-H 300 — IR A G-H — 10 IR A

Ve BUAECKPHEZE FOMIR, BURERD R AU RARINZE; LB T30 F200 C AN “H 15 H40RE i
T300 T G2t Rk b SR 19 L3R s LGS Zeict B LA B T-200 “C7F MIAAAY - 3EHE & 5
“HG 2 B fLALB 300 CF MR HERESD s IS TH0RE ok FIDRPIRII s “B it HHLRE Rk 1 1t
SOBM s <HHE 3R Aok 1 WL
22 MRIERRS RN 7 E
b3 pH A E J5 1R E AR AT bR 3 pH BN E ) (NY/T 1377-2007)™; LA AL
Jo T A A B R Ty R AR AT M Ao € 3R 25 6 3853 . HHEAHLBAYIAE ) (NY/T 1121.6-
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2006)1",

4 JE ARG A B0 E T R R B R IR R AR o (L5 8 R A S T R I E — LM
SR TR - A S TR R SEIE R ) (H) 804-2016)1). T 4R A A TS I gk ik
FIHMESBIES, HEZMAREZHE | WRHRL &GS S a5 5HIE G5

4 8 TR R VR B I S ok B AR AP AT A e TRV W 3= B 1 i O s T i
2% ) (HI/T 299-2007)17,

HEJEIL S PR Tessier HAR Mg, HEEJEIL S0 N0 28318 (F1), mREHEAEE
(F2). YA EMYEEGE (F3). AHLLGE (F4) FIERER (FS), TR INE
3 BRE59H
3.1 BRI ZX11% pH M

PR 120 8 pH BRI A0 2 Fras o RF 3 A3 IX 3R AR Y A EAE i PR AT Ay £ S E
pH T, b Tk e EE bl g 4 TR . iX 5 KHARE 210 F MARCOS 25 2 B 5 w8 8 i B Ak
TG RGBT AR P AR & EEA K, ALY AL T 300 BH B B AT fig
AJEME— R, ZEE R et S m IR S B8R b R IR B e P SR, BRI AN
[F]PE T 380 pH A AR R, 458 AN REHE B AT i H, i T3 S 800 R Wy i
MEAGIE R . SR IR EE . BARBOK R Z, 0t X A9 A+ A7 in#itn 17 25 5 350 pH FRAR,
IS InFR e A 2 70 23 5 ) 1 58 pH. AN, BV R RIL ST (Y 55 5P 0, VSN Fixall 2557 23 [
5% H: pH; i % T 9 B W A BR Pk R, S DI Fixall 25 57 45 T v H pH. Fixall 25 5 7 L gl 25 - 3
pH B2 K Horh & A SR S JE A RE, A AR A OB T, AT DA B T A 0 R 22 b e
71, R BBA — AR B Bz vh g S

*2 BRI Z3 1% pH B9S2
Table 2 Influence of thermal desorption process on soil pH

BERIH pH BER AT pH eI pH
CK-S 7.84+0.02°¢c CK-B 7.56+£0.03 ¢ CK-H 3.66+£0.03 b
L-S 8.02+0.01 b L-B 7.63+0.02 b H-H 3.70+£0.03 b
H-S 8.18+0.02 a H-B 7.71+£0.05 a G-H 4.13+0.02 a
G-S 7.64+0.02 d G-B 7.50+0.01d HG-H 4.21+0.03 a
LG-S 7.51+0.05 d LG-B 7.62+0.08 bc — —
HG-S 7.88+0.08 ¢ HG-B 7.70+£0.01 a — —

T T 22 AR S T R AT BB AL 2 (A P 22 5 S B AT

32 ABRIZXNTIRANRRE S KHE MW

TSR W T2 2508 L A BILJ S o B S 0 A0 3 BT s o X TR VE R B9 0, i BGE R A
BL IS Jo 73 0 2 S AR 08 B S 3 MK 5 0 I 1 T 3 M ) 3, s I A B R
W, X R R SRR ZE RO T — B RIS RE 1 2 50 e I RS SR R 24 790 B I B A AL
JORC R R R W 2 0L, K U0 U] 9 A R R T N e o PR A LR e R A A 7 A
M o b o 3 M ) S A 2 e AR T i S B ML S5 0 O B B RO AT LA B S IR AR
5 AR T kS R AR, T ARSI I A 5 AR BRI, L A LT
Jot e 73 B A8 3G AN m] RE S ML A A HE R A FORT > A e B O P, SR A AT RE R UM Y
S TRPE RIS B R 25 P G LAY, R R B T R A BB TS R P AL, ARSI, E +
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AP RN BRI AL ZEE T PR, A8 TR KRR, e AR
i, BT Fixall 25570 R &5 . BREICER, BB R nT a8 500 i 2 2 T30 %

*3 ABRIZXMIRBINRRES BTN

Table 3 Influence of thermal desorption process on organic matter content of soil gkg!

R RS AHHUE R AT AL R A AU
CK-S 3.07+0.03 a CK-B 14.5120.1 b CK-H 2.02+0.05 a
L-S 3.06+0.06 a L-B 19.06+0.4 a H-H 1.95+0.1 ab
H-S 3234022 H-B 20.13+0.7 a G-H 1.95+0.2 ab
G-S 2.82+0.2a G-B 15.36£1.5b HG-H 1.57£0.1b
LG-S 272402 a LG-B 19.65¢1.2a — —
HG-S 3.140.2 a HG-B 15.64+0.6 b — —

33 MBRIZHIESEEREISHRET BT

S A H A0 B R T2 0 G R A RIS BT R A A S ik 4 s . R P Rr A, X T
REFRTMEE LG H A LA, IS RIS &8 ASCS a2 808 . BRI
FII- LA 300 °C B RE S 528 RE SR LU, As B RS R ER7E 3 Rh L IERE S R R N T
0.04mg-kg ;s Cd AR FE/EIEIN T 0.18~3.18 mg'kg'';s Cu BASES SN T 0.09~1.16 mg-kg ';
Pb [ A7 883 Bt 73 B N T 0.07~0.16 mg-kg ™o BV LR, IV A HEA b 4 AT RS Y B
SYECE I, ARRSMAIE AR, RS BRA 2R M T RSN E S R A SUE R e R

T4 ABRIZNIRESREVSRESENFM

Table 4 Influence of thermal desorption process on available content of soil heavy metals

mgkg'
e SR AT RS T 414
TN T
As Cd Cu Pb
CK-S 0.0940.000 6 a 0.04+0.003 be 1.06+0.03 b 0.90+0.07 a
L-S 0.09£0.003 a 0.04+0.002 be 0.94+0.06 b 0.89+0.04 a
H-S 0.11£0.004 a 0.22+0.01 a 1.15+0.1 b 0.97+0.07 a
G-S 0.01+0.003 b 0.06+0.02 be 0.67+0.02 ¢ 0.38+0.04 b
LG-S 0.01+0.003 b 0.03£0.001 ¢ 0.57+0.003 ¢ 0.25+0.006 b
HG-S 0.03+£0.01 b 0.07+£0.01 b 0.63+0.01 ¢ 0.34+0.02 b
CK-B 0.02+0.002 b 6.74+0.2 b 341+0.1b 7.50+0.2 ab
L-B 0.05+0.002 a 9.92+0.2 a 4.45+0.2 a 8.08+0.2 a
H-B 0.06+0.002 a 9.44+0.04 a 4.57+0.2 a 7.32+40.3 b
G-B 0.002+0.000 3 be 5.35+03 ¢ 2.98+0.1b 4.23+0.09 ¢
LG-B 0.001+0.000 1 ¢ 5.65+0.1 ¢ 2.9+0.09 b 3.39+0.1d
HG-B 0.003+0.001 b 6.12+0.3 be 3.11+£0.03 b 3.88+0.2 cd
CK-H 2.65£0.2 a 13.4+0.31 b 14.95+0.44 a 2.46+0.24 a
H-H 0.30+0.01 ¢ 16.58+0.43 a 13.27£0.22 b 2.62+0.25 a
G-H 0.98+0.01 b 3.25+0.07 ¢ 6.90+0.07 ¢ 0.75+0.03 b

HG-H 0.73+0.06 b 3.75£0.29 ¢ 7.05+0.26 ¢ 1.08+0.05 b
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AR, AR AN AR R b B A PRI OBOR] B A T R AR IR SR,
55+ HEEREE T i A% M - 39875 e XU B AR o (01T )(GB 15618-2018)) H HL 22 1% 4 FH Hh 4 4875 e XL
B B AR L, A SEge A RS PR R T A BUN T I, A SN R - BB o~
SAEHME A T . X UL, Gt R BEAREEE AT RE S BUR A R AR i A A R A
b, (HIEATREPERAR, (UAEME S 2 FE R S AR AR AT e . WIN25 R0 5 ) IR & 4 s A7
RO R BO A W B R KA 25 R AR I AR AR B S A FTRE A AR, AT AR S A
3 LSRR T R R IE R OR, 1K F] 63%~90%; Cd A S SRR E T 76%; Cu AR
R TMET 139%~54%; Po A ES &R R T 44%~70%., I A] LLE H, 2550060 FAR B 42 JB A 5
B SBA B ER . iR TRE 2y ig, 3RS E AR AU R B E S A
o R, R R I AR e A A B S B R e N s e b RN B P R Y sk
Ui, 7E200 f1300 C T, HHEPELSEAUESTEILEAZ . vl B A T 200 3800 n#ad
PRI N 25 38 1 4 TR A fh I RIUR .
34 RBRIZHIESEEERILERERENZIT

SIS A BRI T 200+ R A JE R IR o MR B R R S TR . iR eT A, X
3L X2 R ZH RS, ERT IR E L2 AL R, G R R T T 4 R R R
R, B RESIM 2SI IE DL 300 C MRS 545 TR LR, As BRRIR H B i LR B T
T 0.01~0.15mg-L™'; Cd AYBR IR H B E W E THE 1 0.006~0.830 mg-L™'; Cu AUFRIE H R E R IE = T
0.005~0.960 mg-L™'; Pb (YRR BT vk B fe ' JH i 1.0.18 mg-L™' o 5 A RS o i 4 B A8 AL 26 Bl
2 FIRE SR LG, IR - HERE 5 b A TR IR R R TR, ERE A iR AL, R

x5 ABRIZNDRESERRIHRERENT M

Table 5 Influence of thermal desorption process on acid leaching concentration of soil heavy metals

mg-L™
I R IR R B
AT
As Cd Cu Pb

CK-S 0.03+0.004 a <0.001 a <0.001 a 0.002+0.001 ab
L-S 0.02+0.01 b 0.014+0.02 a 0.009+0.001 a 0.004+0.001 a
H-S 0.04+0.002 a 0.007+0.001 a 0.006+0.001 a 0.001+0.001 be
G-S 0.002+0.004 ¢ <0.001 a 0.004+0.000 1 a <0.001d
LG-S 0.01+0.003 ¢ <0.001 a 0.007+0.001 a <0.001 cd
HG-S 0.002+0.002 a <0.001 a <0.001 a <0.001d
CK-B 0.01£0.01 be 0.002+0.001 b 0.01+0.001 b 0.003+£0.004 b
L-B 0.02+0.001 ab 0.007+0.002 a 0.03+0.001 a 0.009+0.004 b
H-B 0.03+0.006 a 0.008+0.002 a 0.05+0.01 a 0.03+0.002 a
G-B 0.004+0.003 ¢ 0.001+0.000 3 b 0.008+0.004 b 0.002+0.000 5 b
LG-B 0.005+0.001 ¢ 0.001£0.000 1 b 0.008+0.003 5 b 0.003+0.001 b
HG-B 0.007+0.002 ¢ 0.001+0.000 1 b 0.01+0.003 b 0.002+0.001 b
CK-H 0.61+0.08 b 1.61£0.05 ¢ 2.67+0.08 b 0.62+0.1 b
H-H 0.76+0.02 a 2.39+0.06 b 3.63+0.1 a 0.80+0.06 a
G-H 0.10+0.01 ¢ 3.14+0.08 a 2.28+0.1¢ 0.13+0.06 ¢
HG-H 0.07+0.01 ¢ 2.4440.14 b 1.37+£0.2 d 0.07+0.01 ¢
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FEAER . SREEEY SR 2SS (GB 50853-2007) A EL, # JEURE A0 38 B B vk
FERF A AR, I (0 R T e S 2 R T F 3R TR M B bR L U, B A R SR
W b AT A S S AR A AR 9 TSI IR D TR R B AR, H T BB AR, AUHERE 25 R I IR
(B AETETTBE o V810 245 700 [ RE £ i 24 K 20 BORE il O TR B30 1 B0 ek Vi 82 1 I, AR N 285 700 0 A A
G2 RE R L, As BOTRIE TR VR B B i R T 93%; Cd BRI 5T i VR S B v R T 50% 5
Cu 4 R 72 W R W B e 5 B I T 20%; P O TR IR Y o f vk 1 e v T 6 17 79%. T LA
Fixall %I 5 42 J& FR 15 H I3k o BE AR A S p OV o TR T 25500 LA, 2Bt + St i 5 oK
eI E R S RIS BRI b OE B e R R, IR Y e AR e A Ak B A b
WAL /N o % T b 5 38 M AN PG 1 9 1 3k, 200 1300 °C R, ok 8 T 4 R IS Y T e vk
JUFARAS XU, P T 2%k 8 0 i P 7 0 AR 2o 5% 0 - 8 4 R e A ORI

FEVRINT Fixall 25505, %F -3 A0 Bt 2 OF R £ 1 T 4 JB A 5 B 40K 55 1R 1 1 R A o o
B, X SRR E 2R R o 3% AT RS2 T 24 R0 o B R A B A B XA B AR, T
S W4 JB A REXT T 4 B B0 R E Ao B S L W BRI DTUE S . X T As T, B L)
B N R A A W0, UUIE R N 95 . it T Cu. Pb. CdZ5 @ 4@k, WE& L LYW, H
WMIUTIE R N, TR SR 8 T, I R HE AR R 8 A AU S A UL B O TR R eah, AR B
T T LA R A B YR Gk B A K AR 3 T SR BTUE R, % DU TE A AR B AR Y, X T
TP T, R E MR, RN 2 R IS A M R L M R FICY . i, ZHAO 455 [
GEUESE,  Hh T W B 5t o G B K A B B R S B R U, MnO, X Pb 9 W B AT L% 5 I
BT, FEBRRTE 20~60 C 5 N, BEIEE TE A o A TR RO, R T RE A HE R
L AWRITEE L ) SR Bk A R Ak A T B L gk A 0 UL /N T I 2R T T v i
R, o8 T T i B A A i R AT B R A B
35 MBRIENTEESERSHEANENE

U M A [ R AR T A RE A IR LR . ATLUE W, R TALSE M LR, 7
REINFEE G HIRT, PG As BRI 45 B SO AR, B B AL 45 & B R U
Cu (5% ¥ 25 TR /0 U A, A HLAS A TR 0T e Cd (5% 0 25 TR 0 MO IR, 7T se e 2 5 2k
SRS A T A O L A I 43 T 4 R R RaE

TERMBEMZRG , As. Cu il GRIE AL Pb A HLLS & B RERE S Cd kA
s & 5kl S A & ESBREEY EA . SRR, o E 4R g S
FEAL VAT SR, AN 25 2550 i AL

B 76 B 3 S [ o 2 SR 5 7 4 JB 25 G ) 2 o o %o TRV T 1 A, E R TR INAL
2GR, T As. Cu BIAHLES & BRRAT, B4 A mas & B0, Po B4 A1k
WA 2 T S BTV o IS A 43 T A R B R R E T

WINEEILZ RS, As f 8 LI5S & SR WL A A sk AL Cu a5 E A 5L ;
Pb G LA A AL A ESIRBEEIEY BT, R, EERMREEAZEHG, o E 48
TS EACVE A L, A2 50 245 3] B R s AL RUR

39 g YR £ S T A A L R S T 4 SRR S 0 R 3 . TR TR 194 7 e L 3 5 B AN 1
BRME L SRR, 75 R VR N AR AL 25 00 I HEAT AR, Pb 5 Cu T 42 8 1T A2 4 25 A B B A OF 1) 4%
WAL, T As 5 Cd TSR IL A ML,

WG B RIG , As i B AL 45 & S M AR A Ak s Cu ol 7T 28 4 25 1) 5% v 25 6 £k
Pb i AT A AS ] B B AL S A B A NLS S 5. KESBREMEY L. ms, cd.
Pb il Cu B 7] 28 2 45 9 A7 2 I (IO 0 AR A5 e Ak . PRI, TERINFAEALZG RIS, ngiont ek 4
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Fig. 1 Influence of thermal desorption processon heavy metals form of soil from Tongzhou, Beijing
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Influence of thermal desorption process on heavy metals form of soil from Shangluo, Shaanxi
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Fig. 3 Influence of thermal desorption process on heavy metals form of soil from Xiangtan, Hunan
erb i G R B AR IS - 78 300 °C T AT LU sE 2559 i Fe e (RO .

TERNA S E A 245500 )5, Bt 085 TR M - AR ISR A N 22 B T A IR A9 T 6 R AP I 25 78
oo Bk E, B b R S RN A ) TR A O R R E RS, TR R i E SR
TE IR ] T 56 A N AR E B S o X AT R N Dy, IR e i 1 Rk S AY pHL, (75 1 4
JUURE 2 T A9 7R ep 48 I, BT e E G R AT RE T, IR R WA A B sR T il B T AN
SN R A A v H e AN AR M o A I AR IR T R A 5 o At 24 7 4 T < e AR T AR
R, AR 5w 2 BB A 52 = TS W A A, — O, AR E A 2 ) 3 AR R AR
7y HAE AR AR R O XA E R E R, IR AT RS 2 iR B, 1%
e S YRR Ty —Jr i, AR E A2 AR AL L R L DTTEVE I L 2B R At
DUVEAE A E LI B SR, B ARTREAR S Z @i s flan, Fe, Mn, AlSALY. #ERRL .
W AR BTN A K A5 o At ) B R E R R B T P R E Ak 24 0] T e s 32 B
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Influence of thermal desorption process placement sequence on stabilization
effect of soil heavy metals

GUO Lili'?, LI Jiachen'?, XU Hongwei'?, LI Shupeng'?, XIONG Jing'**

1. Beijing Construction Engineering Group Environmental Remediation Co., Ltd., Beijing 100015, China
2. National Engineering Laboratory for Site Remediation Technologies, Beijing 100015, China

*Corresponding author, E-mail: xiongjing@bceer.com

Abstract In order to study the effect of thermal desorption process placement sequence on the soil heavy
metals stabilization, small simulation experiments were conducted on different types of soil samples through
heating, and the changes of key soil indicators before and after heating were compared and ‘analyzed. The results
showed that when the thermal desorption process was placed before adding stabilizing agents, the soil pH
increased, and the available content and the acid leaching concentration of the soil heavy metals also increased.
However, there was only a low possibility that both of them exceeded the standard. Moreover, depending on the
soil pH, the thermal desorption process had different effects on the transformation of heavy metals. When the
thermal desorption process was placed after adding stabilizing agents, the available content and leaching
concentration of heavy metals in the soil and the form transformation of heavy metals did not be affected. The
impact of heavy metals stabilization was minor when the two technologies were combined. This research can
provide references for process design during the implementation of engineering projects.

Keywords thermal desorption; placement sequence; heavy metals stabilization; available content; acid

leaching; form of heavy metals
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