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Vertical distribution characteristics of pollutants in a typical soil profile in the tannery sludge landfill site
KONG Xiangke"?, HUANG Guoxin’, HAN Zhantao"?, LI Zhitao’, WANG Ping'?, XU Y ouming'?

(1. Institute of Hydrogeoogy & Environmental Geology, CA GS, Shij iazhuang 050061, China; 2. Key Laboratory of Groundwater
Contamination Remediation, Shij iazhuang 0500601, China; 3. Chinese Academy f or Environmental Planning, Beijing 100012, China)
Abstract: To find out the pollution status of tannery sludge to the soil in the unsaturated zone, w e investigated the soil samples at the
depth of O~ 200 em in a typical soil profile, and identified the vertical distribution characteristics of the main pollutants, especially the
different forms of nitrogen and chromium. Higlr throughput sequencing w as further applied to reveal the bacterial community structures
of the soils. The results showed that the tannery sludge contained a variety of higlr concentration contaminants, such as high salinity (99
000 mg/ kg) , total nitrogen (30 900 mg/ kg) and total chromium (30 970 mg/ kg) , which had caused heavy contamination to the
surface soil above 20 cm depth. The sludge leachate containing a large amount of organic matter and acid com pounds caused a
decrease in pH and an increase in TOC of the surface soil. The concentration of pollutants decreased obviously with the increase
in soil depth. H ow ever, low concentration organic nitrogen (723 mg/kg) and salinity (7 070 mg/kg) were still detected in the
soil at the depth of 200 cm. The alkaline soil in the study area had a distinct retardation effect on the transfer of chromium.
When the soil depth was deeper than 40 em, the concentrations of Cr(0 ) and Cr( 0 ) decreased to less than 200 mg/ kg and 2

mg/ kg, respectively. Higlr salinity and higl chromium contamination can inhibit the growth of some microorganisms in the soil,
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and Proteobacteria, Firmicutes and Bacteroidetes will become the dominant microbial population in the contaminated soil.

Key words: t annery sludge; soil; nitrogen; chromium; vertical distribution
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1.1 FHxpit

Bt Fe (10753 MEAT7 Skt A6 130T A28 2 i B
Huhlig TALIX S5 HIX, R AART5 e EE R E
T 2016 “EHE PRAK A EE S FE R AR5V . AR AT
FiX 7 Mg ah B, A R R L R b ) T
X150 3 2, /i (0~ 8 m) P FIE (8~ 12
m) KAEE (12~ 19 m) . B4, W R X AL T 4L
JEHE T AKX, V2 R KA RIA R 45 m.
1.2 #HmiRE

DN R S e TR AL A I IS el
I, 7RV Y3zt R F - EURE 2% (Eijkelkamp) #E47
EiFLEURE. JERRRZTS RS, MHIRET 200 cm
[FIFE 29 30 em KA —AN L IRAE (R Z I3 BURE) .
R PR REBA DT 1 kg, FH T35 G800 1)
FESHCE TORIRA, T 1A 20 AR R S E T
FokFa, % B ORAF, Pdus 2 050 = k. Ak,
TR EREG VRS 1 A B 1 A, fEm BTy
Gudz M Ity XL IXCREE Ay Ge b 3eRE 5 1 4.
1.3 B iLER

HRAE Bt (R I3 WL 5% e SE IG5 5 SR (£ 1),
HIE V5T & B & K E (64 1%) K APLE & &
(TOC 12 2%) » SHb ALy 1438 ot Hh 3 22 D%+
N (Fi IR ) 48 b oy bR AE AT R 4,
K RIE 14. 4% ~ 26. 0% 2 7], 3 TOC fH 1E
Q 14%~ 0 73% 2 18], -3 pH [HTE 7. 94~ 8. 42 2
W], Hod HEYR 10 em Ab 3R pH H 5 W
(7.94), TOC A FH WK (14 3%) -

Tab. 1 Physical and chemical properties of soils at different depths
o R - EkE TOC KL (%)
/em (%) (%) <0.002 mm  0.002~ < 0.02mm  0.02~ 2 mm
Risgt - b 3 14.4 0.23  8.30 5.01 46. 48 48.51
FZI5Ue - - 64. 1 2.2 17.67 - - -
S1 10 W B+ 26.0 14.3 7.9 1.17 13.76 85.07
S2 20 gt 17.9 0.73  8.37 4.76 44.32 50. 92
S3 40 [ . 18. 1 0.34 8.12 4.61 36.99 58. 40
S4 70 et 21.1 0.31  8.39 4.27 42.38 53.35
S5 100 b g+ 18.5 0.21  8.31 3.49 31.61 64. 90
S6 130 iRt S 19.5 0.20  8.06 8.28 48.95 .77
S7 160 Hemnbt 21.5 0.14  8.42 2.43 7.28 90. 29
S8 200 et 18.9 0.27  8.20 11. 64 39. 37 48.99
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SRARHY 33 5 B T ol XUk 3 AR T, S
BRAE St rH K Bl R AR R4, BRI 100 H . 75
e b A3gerb 5 Be ik R H RS A (BT A PR
AEIFEI(CNAS A1 CMA NUE) , B8 br = 2 A
Fhb s Eh B SR EUAL TR R A IR A
BALP).Cr( 0 ) Cr( 0 ), A MR 7 752 18 E 5K Ek
AT bRt Forbr, g S 5 TH AR AL B S SR 4R 41
GIICREEEIN e, 2R WAHER 32 FHBRER M
SR FH S B W - 23016 D' B I, A LUK B2
TR RO P ik 2 TE ML RO FE T RRAF . Cr(0) 1Y
N5 SR — 2900 — ko3 YR EEE, SV E K
ARG 5B TR T RS G, BRS04 I FH ok
() BCRZELEARIUE, FH £ b 58 BT & 70 K I
A JIRIRIUS P JFAS TR S IR 25 5 Fh 2
B AR AR AR Bl e E A R AR A
FIHT EE P, 5 DN A $2HGPCR 47318 flp=
A4 PCR 7= 9 & & A $— 40 llumina PE &
il %% JIlum ina fE78 & P 7 (14 5 A% SI2 56 U R oof 4 438
P 165 TRNA JEDA AT il S0l 7
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2.1 FRPHIET A E LR T E G T
Tt N ) s e 2H Rl 25 SRR A, ¥ e s g
YL HLAL 70 A B 4 J (4%) T, & i 99 000
mg/ kg S 30 900 mg/ kg Btk 4 910 mg/ kg i
30 970 mg/ kgo AL 73 AU I H /D> & 250 £
W5 1%, A5 2K B Q 37 mg/ kg 2, 4 & 6 03
mg/ kg2, 4 5 =& ® 31. 9 mg/ kg %% 0 18 mg/ kg«
3E 0 49 mg/ kg PE Q 26 mg/ kg KEE O 21 mg/ kgo
|27 YR A HE IO R 2 K AR R, TR AR BT
IKGy, IR o 1) 5y Vi G AT I R R &
sgertE " o 15 USRI 2 M R WA, B e
THEKEN SRR A RNLESE(H), Na’
11 508 mg/L.Cl" 16228 mg/ L. X% 2 344 mg/L.
b2 T 30 300 mg/ L ALEES 27 2 mg/ L. HE
1 0] DU H, V5 R HEAE AL R YR 10 em Ak 133875
Yo g, HoA BB U SRR IRIE ik ] 17 500
mg/ kg 28 400 mg/kg K 29 500 mg/ kg, F 1 Hik
JE RS ST TOC K pH {ER H B Ui %2 +
Hesz bER S Pe VT 4L, WIS K& A ML &
MY RS TOCH T = M pH (AT R, Bl
Hr RN, SHE AR B RIKEEHE TR
Bt 34, (HEHETR 200 em Abt3rp 15 — 2 IR EE 1)
BELGHERH(E D). HFERREHRAN K
s Bk E 5, BRI Hre a0 R Rk B

c 8 ETEHREK

T[] ILF% PR ES iz, V5 i R E A (A 37 100
mg/ kg) 7E [A) T L A% i #2552 2138 2 - 398 1) W% b
T ZE AR B A R R S L BB VR 200 em
MR R IR EFFIEE 700 mg/ kg DL, REHRT
B KRR (EERL Cr(0), ®2), HEHT
Cr( 0 ) 76 3rh Byl W Bt Ay e, IR e H7E v )2
T ERERAT, LT 40 on 5K ER
P A 200 mg/ kg PAF

1

Fig. 1 Distribution of specific pollutants in the soil profile

2

Fig.2 Distribution of different chromium forms in the soil profile

2.2 BRI\ P IREEEG S

HE 2 AT LUE H, S ES R S Mk
Cr( 0)(30 800 mg/kg) I m M Cr( 0) (170
HE SR s BB DL = MRS EY o XS
Frf Cr( 0) P=A MR, 23 BTl A, 6544 ]
REr A/ Cr( 0) B Fn T #h Cr( 0 ) #4k
S Cr( 0" 57, VR TE KM oL AR b, i
F Cr( 0 ) ASKasE, S BRI G AT 3800 SR
e Cr( 0)'

M KT 40 em, Cr( 0 ) ¥R PR IE P&
% 180 mg/ kg, WM Cr( 0 )75 4 EE L AETS Y8 LL
THREE ., BT Cr( 0) Y 5 IR ik
W 2, ¥ MRS 2 F R X L3 pH T
(pH> 8) (£ 1), BT Cr( 0) Wl Iy Htt— 25
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B Cr(0) mrae" . L, Cr( 0) IRAETER S
e FiE . Cr( 0) BRIEIRE T35 (B F<
10 em) FIR EIA 2] 73 mg/kg 2 48 IR E L EH
Cr( 0) WL/ N T 2 mg/ kg, L3P EEERE
PUF(FE 1) 424 Cr( 0 ) IIEIRIR A Cr( 0), L%
TR PUE SMAEPLES B E 2 Tk, Wit Cr(0)
(T R B BB EE R T . R 5 R
LA R R (R 2), RIEZIG R LT P L
A JRAS TR A FIBRVE S N, BT i Lol 2 il il
F62 6% .26 2% 1 10 8% . Fifi % 13 IR 1 40,
2

BRI R R TR KRS g IR S
BANAESEYR 20 em DA b 3 rp /D EAS ) 7E R Z
A R AR AR T R 20 em BL_E A3
52 e TR SE PR AT 3R 28 B (A e DR VR A R AL )
GE A, A AL IR A A PR R AL T SRE AR
I, P AR S 575 ) e i TR R
WL E A, T B b i A 5 X B S . 4
FIEHR KT 20 em, 35 b BB AR A=A 1 B
S A, U WIS AR R I T Y [ 52 R0 B, I
MHE IS -

Tab.2 Content of different forms of chromium in the soil

T 5 IR/ em

KER(mg* kg!) FTRIBEE/ (mg+ kg!) FEERE/ (mge kg!) FHEMAE/ (mge kg)

BRI/ (mg e kg'!)

157 0 153 229
S1 10 11.2 124
S2 20 <0.5 1.7
S3 40 <0.5 0.9

2.3 EHEPARRHES RS

HE 3 FTLLE H, Sl AR E A S &'
AIEF] 16 500 mg/kg K 14 400 mg/ kg, I &FH >
HERIREERER (503 mg/ kg) o A HEE 40 em LA B
TP IR BN F, IR 40 em BLR L5
FLLVEPVE N E . 150 ik B ALK 2R
B YET ) i A b A PG R B SRR iz E AR
ALK o BT AN B L4 Ok (1
Bt R, AR TIH QWL %, LR R T
40 em, AFEITERR ZWRE R T B, RABK M
N, A HUR Gk A ) AR FHECHT BR AR A R
FA'S 2 IR KT 20 om, LR IR R fE =
700 mg/ kg iAo TEILVR 40~ 200 em T IEH AL
RO FEAR A AN 2, VR 2 A AT T Re 4 T AR
WE AR - SR 5 B ANRORL 1 SR, M R
it 70 em, ZEASEL BIFEACE 20 mg/ kg BLF o A A
PR g b A BR L BUR FE3S /T 5 mg/ kgo BRIE
R 10 em TIEH IR A & EIAF] 113 me/ ke, M
PR R A T I L 38 4 R i R T PR IR 22 10 mg/ kg
PAR, B 358 rh A7 ARSI e SO VR
2.4 BRI\ PHRAEMEEDN

W RGUR B T, TR A T 8 4 2K
BE 12 ATT( B 4) o AR5 5 IR0 BT 2 1 40
IS w338 50 T A R R A R AL A R R
1 1( Firmicutes) (2 0% ~ 62 4%) 48 JEAF B 1]
(Proteobacteria) ( 11 6% ~ 57. 5%) F14LLAF B 1]
(Bacteroidetes) (Q 6% ~ 69. 0%) , X 5 ffill §5 & 7K A4
Yab B 3R o T Ve R ) 4 R RE TR A —
Y Firmicutes 3 MR B FH3S, HEH IR

21700 3860 2880

18100 7580 3110

35.4 29.3 88.3

29.8 19.6 81.2
3

Fig.3 Distribution of different nitrogen forms in the soil profile
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T B RN A &, 1 Firmicutes 5 5 B FEAK
(K 4), H ST aHLRMR B BCA BRIR (K 3), R B
Firmicutes 4 KEEFH FI BE 32 /5 35 A1 58 1 52 T, 2k

S H A VR R e B Bl T a9 MR
BN, IR RS R R R 2 R AR R
3G B 4) , Ui By R R S e iR R g
B A A KB AR E F
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Fig. 4 The bacterial community structures of the soils

BFF 9 X S 133 - %o 8 3R L A BH 2 1 BHL S
MR KT 20 em, Cr( 0) W EERIFEAKA 100 mg/ kg
PAF, Cr( 0) WREZEFEKE/NT 2 mg/ keo

(3) il FEy5 e i R ) e i P v AR Seoxt - v

TR K B A i /EF, Proteobact eria Firmi-
cutes % Bacteroidetes N2 15433 Fh AR A Fh #E
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