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Fig. 1 Distribution of soil and groundwater sampling points
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TSR, KRR G 6 Fh ARG Y . R EOR . RN SRR (AT
TR ¥ A DL IS WA A /SR (3% - B3 vk ) (HI605-201 )M e, DUSER . AR
{ Semi-volatile organic compounds by gas chromatography/mass spectrometry ) (EPA8270E-2018)!"! Il % ,
ANEAKA CEEMUTRY) B R A DL I E SO A5 -BE ) (HI834-2017)1M Ml 5E .

Ve ARG A ik, TEHBRIE K 2 A0 1 1R ACRFE &L K 3 )6 A~ (W1~We6), SRAEIF LK
MR KA 6 4. HbROKHEOR . ZEACRA KB #E A MEA DL I W i SO G0 -k
i) (HI639-2012)M I, Hidx 4 Bl AT COK BT A HLEAR 25 SR KA G W B E A 3% -5t 1%
%) (HI699-201)"™ M E o ARURMFFTHY 6 Bl @A AAL G Py AR BEALAE BRI 1.

Tl SFREUEVPEBEUMEREERLR

Table 1 Physical and chemical properties, limit of detection of chlorobenzene compounds

YERAKR fi5E WU 25C/AK P fREE (mg L) 25CTFRIZEIRE/Pa BRI REV(K,)  KilBR/(mg-kg™)
A% MCB 132.0 293.0 1670.0 466.0 0.006
“4&7%  DCB  173.0~180.5 30.9~123.0 90.0~269.0 987.0~1 470.0 0.019
=Z#A TCB  208.0~218.5 3.99~45.3 17.3~45.3 2 670.0~3 680.0 0.019
MR TeCB 243.6~254.0 2.16~12.1 0.7~9.8 6 990.0~8 560.0 0.1
HEHE  PeCB 277.0 0.83 - 28 700.0 0.1
ANHEAK HCB 323.0 0.01 0.3 317 000.0 0.1

1.3 MR &R

ARG RGO, 454 LR APE . R
YA, MR LR 2 12.0 m SR+
32 2. 1 ENEE R (BIREE
1.0~7.2m), ZZELSE AR, H, B4
] [X 48§ (SD02/SD09) i + B %% 40 A 4 (4

12.0 m). 55 2 )2 i LKy Wb ~4I00 R 3044 % HREH
¥ BB H)Z (2.0~10.0 m), FELE PR i+
%32 N R BB L~ B R )2 (6.0~13.7 m), ik
MBS, AL, Pl B X (W4) 17 7 i BE

K, HIVRZ 9.0 m, FEEZ 10 m, KA s ‘:;SQE;?E!QD
i P8 . MR LUT 24.0 m LA 4R 43 2 4>

LR L UR R L Ak R .
12.0~18.0'm); 552254 L Bt £ b £ (0K K i o
wE (16.0~24.0 m), T K K A7 3R 25 12.0~ 2 b S 2 A S B
1377 m, JEHEE 29 4.0~6.0 m, W EZ K H b Fig. 2 Distribution of stratigraphic structure in vadose zone
(B 3),
14 BB

ARWFFEALE ] SPSS 25.0 I Excel 2010 HfF % &edhs #EAT 481t 70 #r s ] ArcGIS 10.2 2R AF il 11 £ 4
CBs =5[] 43 4ii €], EVS-Pro 9.93 il {F #h )22 25 #4) 3 41 €], Surfer 18.0 il 5 1 T 7K 7K A7 A i 55 4k [ il
CBs 70 i I8, Origin 2018 i 11 [7] — x5 {2 CBs B % B A2 AL B . 2R H Kriging(ArcGIS 10.2) #£ 47 + 3
CBs %% [R50 1, 0 5 B {E A A BR{E ;>R ] Pearson A ¢ 2 83 (SPSS 25.0) %4 + )2 CBs i
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Frid B AR A 7 B N

2 BREHR \ VAl
o
21 HEG W " N
354~ 1 HER B AL (93 1 B il ) #7712 CBs W \V‘V\q%
ARV BLRE RS th G th 5 FURE B K 553

/9-3

51 68.63% Hl 35.77%. Hb T K CBs % i # ?\\\\\\
Ho gk 2 s, 13 CBs # M E0{E 8 &2 1F ’_—‘\ﬂM\\\\\\w;%\\

i 2 (T FE>9), FEpIE A0 (I >90), K% A
R (—. . SEHE) KB Y S ws %,

BRE R, HT 7K CBs K I EE /Y 25 i 0__50100 150200 m \
FERK, (HEEARLFGIER 405 K RA 3 Mt TRKKGIRSZEEE
FARKLEY Vg, T, /‘T%fi)o Fig. 3/ Contour map of groundwater level in this site
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Table 2 Statistics on the detection data of CBs in soil and groundwater

B WIERARR HAE P wBARME  wmME CPMES dRiEE i U7 E'ij( ol
KithRi% K% R /m
A 27.45 10.00 477.00 nd 3.77 36.02 11.23 133.64 13.6
THER 35.29 1500  42500.00 nd 16841 263596  16.12 259.79 18.5
o B E S 50.00 27.69 4800.00 nd 33.95 307.53 14.61 225.21 18.5
IS 23.53 6.54 61.20 nd 0.45 4.01 13.89 206.38 12.5
B S 13.73 3.08 4.80 nd 0.10 0.42 9.45 92.65 12.5
ANEARK 21.57 6192 13.50 nd 0.18 1.08 10.34 112.97 8.0
AR 100.00 100.00 449.00 38.80 179.13 153.52 1.27 125 -
BN o G— N 100.00 100.00 1068.00 246.00  612.83  288.72 0.46 0.17 -
S S 100.00 100.00 1806.00  25.60 707.10  814.51 0.84 -1.81 -

T IR RN mg kg, M RRERALpg L #3Rm T KRR i SR A S AR AR nd FOR AR TG T R

R 3 FiR, A 341 )2 CBs KM BB AR 2 E IR A . @B S0, IRERELEY
(A EC 558 R A B L e KRG RS I S B v S 28 o i ) 1~3 B 4
22 ASHTED CBs Bk S HHEHE

F % 2 a1, L3 CBs (Y s (7 KG 3R 2 B = SR> SRS SRS I SR E AR>S LA, %
A H#R>20%; 3X W] CBs i A7 7E T H 3 b . L ERE MR E, Bi5 Wit A LR
“TIP>o ANTEG e Wy b 2 A0 DG PE 43 A B % S & A1 ok R & A2 A AR DL vE R B2 1Y), JH 42 )2 CBs 1Y
Pearson fH G HE /AT 45 R B/ (R 4), SPE R EY GRER) ZHERE BN IEAH X, XFEH,
Z S T A IR IR AR AR . TSR 5 e Y B G

[ 4 A, AT 6 M EUR 8 A W 3 o A e AR P AR R L T K Ak B S R i A S
X, %t )2 CBs WK -5 A Z [0 78 55 B S A A SG 1 o SR RN = G 1 R JEURL 5 78 s B oK
A, R MT FEEAEREA G T SR F 5500 35.29% F150.00%, f KAH N
42 500.00 1 4 800.00 mg-kg '(% 2). 55 1 )2+ 4 rh = GOK 2 24040 T Bk 75 4% 2 [0] 75 &K (SD48/SD49)
B % (SD02/SD09) k75 4 K2 Hopg M (SD16). — 25 /K AL B R Ml (SD40/SD41), — {5 /K Ab )
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Table 3  Statistics on the detection data of CBs in the vadose zone soil

X VA Y 2 FRabk:  BeRfE/ BeME/ TEB(E/

2 Yy e 1 FifEZ it 535
e B e H/% HR /% mg-kg! mg-kg' mg-kg' T ¢~ e
MCB 15.69 11.34 299.00 nd 4.85 33.81 7.84 64.21
DCB 11.76 10.31 842.40 nd 9.29 85.51 9.84 96.83
TCB 23.53 17.53 4 800.00 nd 50.97 487.30 9.84 96.93
F1)2 51/97
TeCB 9.80 5.15 16.10 nd 0.37 2.12 6.92 47.26
PeCB 7.84 4.12 4.80 nd 0.14 0.62 6.96 47.95
HCB 15.69 10.31 9.49 nd 0.18 0.97 9.42 90.96
MCB 7.84 8.70 2.52 nd 0.09 0.41 5.07 26.41
DCB 17.65 14.13 111.70 nd 1.94 12.16 8.42 75.20
TCB 35.29 31.52 710.00 nd 20.27 90.89 6.04 40.28
$22 51/92
TeCB 11.76 8.70 61.20 nd 0.75 6.37 9.58 91.86
PeCB 3.92 2.17 1.07 nd 0.07 0.12 7.81 63.76
HCB 7.84 6.52 5.82 nd 0.12 0.60 9.40 89.28
MCB 9.80 11.86 477.00 nd 8.39 62.07 7.68 58.95
DCB 19.61 23.73 42 500.00 nd 722.22 5532.78 7.68 59.00
TCB 31.37 35.59 842.00 nd 32.32 123.96 5.47 32.98
ETR)= 51/59
TeCB 5.88 5.08 3.07 nd 0.15 0.50 5.34 27.94
PeCB 1.96 1.69 2:79 nd 0.10 0.36 7.68 59.00
HCB 3.92 3.39 13.50 nd 0.28 1.75 7.68 59.00

T “nd"FR TR R,

e (SDS1) L K A= 7= X B &8 (SD18/SD24); *4 HETED CBs ZEAIMEERH
SR T X (SD02/SD10/SD48) #1145 7K Ak Table 4 Correlation coefficient of CBs in fill layer

F X J& 31 (SD40/D41/SD51) s[5k} ¥5 4L Wy 1 4 F  MCB DCB TCB  TeCB PeCB  HCB

22 EE A T X PR A B i Bk MeB 1

B OBKE SR R ABPRLAE R, DL IS K DCB  -0.012 !

APRIK RN s 265 3 2 IL-Fl A B A A= XY TeB 0012 10007

AP i AR RS WS LR TeCB 0017 06397 06407 1

HHE B E T G EM =AM HIEEZ  PecB 20019 07737 07727 05157 1

N (] 4), 254 CBs =2 I0] f A e M 43 B &5 SR (3 HCB 0017 0985 09867 06327 0.854" 1

4), W S IEORHG G A7 e 3E R A e T PR FORAE 0.01 KT (O E A
i AR S W i BEAL R RS E HL ) 45 2%

PER 250, JEA I B T SO = SR LA AT ARl e RO A m @R RS Y. R
PLEUIE I, =R ARSI, TE 110~230 C & F T Al & a3 LA i & ™ &
JE I, A RE R SRR =Y . RSP LB, 7R 105~110 °C & F T, BB L — &
. ZRAENRGY R AT EN . T NEE . TR = SRR SO 173~218.5 C
(F D)o WRNEAEFBGEM 0 T2, TR 175~200 °C 5207 8h, 11 & i il 2 18 [0 50 70 745706 34
i (IBDBCR 2 909%), 2%ad Rl 3 HEA 3 AR S A= AU eAh, 0 8 CBs 2 il
WIVE 2 B DU RO P AR 3R 2 4 4 X AR i S AR A S 3R AL, SRR e S a7
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Yrpe P ERBIRA X B8R AR EB A, A AR Cri®, 8 1, HEWr ey 1 &
FRFA G W) E B RAE A 7 o AR T JFORHA I AE = S T A T E b B, S Rl R
M =SR2 R (% 4), T8 22 35 UG8 IR S A RS . Rk 5 R i
(B SR FEAL S T /KO o A S B AR DG HE o eAh, B ek E = T2 @i R B e %
Flim KERZE, @A s, =N &R & A (E 4() FTE 4 (b)) BRibZ
Ab, JEARE 2 B R R R R AL A G 53— AR IR N H S A X

SORAE B 2 5 X 3k (SD13/SD20/SD21/SD27) S ¥ L2 40 A, 5 HIE 5 R (1 AH 56 1 4 22
(K 4 F13k 4), SEORFTRER IR T IRk 42 5000, B AR Z R GE AR R 1670.0 Pay(3R 1), D
MR 2 2 5 T B A I R T i B R RS R BT 15 4E O R, JERT L
FORIRIE FEZ R IR)ZIREATE T CBs iR R ™ Az o MR I, RS T A= Y ae
B oEAEM=EEBRRMA RS, WK X5 (W4/SD26) 7715 K1 = A7 (& 4(c)), N EWIREA
MR T R4 5 bk, #ar by CBs H AL AR S H0R (1A 5).
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Fig. 4 Horizontal distribution of CBs in vadose zone soil layer
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Fig. 5 Conceptual model of CBs transformation path in this site
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Fig. 7 Concentration of CBs in different depths at typical soil sampling sites
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CBs MW By - R e ks 024, 2 IAURE K S5 A SR 25 e, S S i/ F R A CBss 7 I B 5 i it
B ZSF AR AW R IR, JF B AR A LA B R R ER R R R P DI B O 5
2 JZ CBs kil XU fE W AR T26 3 J2 (6 3). W& SR TR B3 I, CBs B i 5 A1 - S8 % B 22 %
(Koo AN BT T e L9 ifp B2 2 i AR (5 1), RS R 8 5 1) a0 — RN = SR 1 i
KK R 185 m, TSN 8.0 m(F 2), 417U i SR = SORAY Gt 3R 1 B LR
DRIESING T BRI ANEAR G ZAR (F3). MR CBs 785 He X HE A AL I3 7]
IR, 52 JZFNE 3R89 CBs 0 Al 7E 4 o] LR SRR, MEAERABY LG TH 1, 22
(¥l 6). CBs T[] 78 1y f #2583 8% HE 22 M L IX B, TR s>, 552 B
e 2 X LUK 3 2 CBs BB 1] i B G B o A . (&1 6) b BR R 38 X 38 (SD18/SD24) 1 4 J7
A AR (8] 4a))o X 0] RESEHL B IR BR 16 i i ks g

HRTETT K AL BRIX (SD33/SD40) FY T 1] 73 A A7 16— fE W i, I A% X 3 1 )= rp 52 A 4
S (K 6(a)e SZHRBRILSIR M, X LR 6.0 m, HAZEJZ{UAR L (K 2 flAl 8), T
WK BT 0 K o i K IXR 2 (B 3 )2) 19 CBs 2B M IS 28 SR, DR LA 4 v 1 0 fit
J¥ (293.0mg L") FIZEUE (1.670.0 Pa)(GR 1), 7ERCAEHIT Y LR, B 228 UMM TR h 2350
TR A R, HE B KA R EOR B B IR RGPS, ARIT 95% W SRR R AR
YT 1% DX 2 25 R Rk, SRR F S AN S BN Rb R, W T EZE g i
B XS BRI A R T )2 GCHEZ) Bt (181 8). BRI G S bk 32 R T AR R R P
2.4 1AFTE IR M T KB CBs B9 5> M 4F1E

H1 2824 3R 5 AL, MR 2 BN ECA RGP I gy, M P K R SRR G WK R
M 100%, CBs 1t - 3E 5 M N 7K i o0 A B G BRPE 8 22 . & /K2 FRK AR (Rl 5 3 J2) s 4R 1Y
CBsZZ & JEMIa) FiE# . MR R RSN, 3 & KRB W g n 2= A, 4 800 B 1 R,
CBs [ BE 2 /) 5 24 - SRR K i, R A o I A i % CBs 1] T i A8 ) d P Hh
W A R, ERTIR . PRECE B E R N TR R R A X RER RS W S
B IEAM T K, 3R K 8 R A = SR BB S 32 TR W A P T B Az SR KR
Hh R R AT TR R (29 98%), B ATTAR) h A A D R RS A B W I
BF 2R (K, m S5 (G 1), HB D4R A Asess ELAE A AL 5T L W8 R T 220 i e B /K TR (80X
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Fig. 8 Comparative analysis of chlorobenzene distribution and interactive layer (without sand layer)
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Table 5 Statistics of detection data of CBs in saturated soil
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Fig. 9 Distribution of CBs in groundwater (Unit: pug-L™)
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Fig. 10 Concentration of CBs in different depths in soil sampling sites of dominant channel area
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Fig. 11 Conceptual model of CBs transformation and migration path in this site
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Distribution, migration and transformation of six chlorobenzene compounds in
soil and groundwater of a dye factory in Beijing

LI Jiabin®
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Abstract Aiming at the pollution problem of a variety of chlorobenzene compounds in the land used by dye
chemical enterprises, taking a dye contaminated site in Beijing as the research object. A total of 260 soil samples
and 6 groundwater samples were collected and analyzed. The distribution of six chlorobenzene compounds in
the vadose zone and saturation zone of the site were investigated, and the source and migration process of the six
substances were analyzed. The results showed that six chlorobenzene compounds were mainly distributed in the
vadose zone of the heavily polluted areas, such as the production area and the sewage treatment area.
Additionally, the low chlorobenzene compounds were found all over the groundwater. It was inferred that
tetrachlorobenzene; pentachlorobenzene and hexachlorobenzene were mainly produced by chlorination of raw
materials (dichlorobenzene and trichlorobenzene) under high temperature and other process conditions, while
chlorobenzene was generated by anaerobic microbial reduction dechlorination of CBs in deep anaerobic zone.
Chlorobenzene migrates and diffuses from the deep anaerobic zone, and part of it diffuses upward into the
vadose zone and then volatilizes into the air. The other five pollutants enter the vadose zone of the heavily
polluted area, migrate downward mainly by leaching and gravity, and collect in the sticky powder ~ powder
sticky layer of the vadose zone. Particularly, dichlorobenzene and trichlorobenzene penetrate the vadose zone
and spread throughout in the groundwater of the site. The results of this study can provide a reference for the
investigation and remediation of dye chemical contaminated sites.

Keywords chlorobenzene pollutants; vadose zone; saturation zone; distribution characteristics; migration;

transformation
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