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Progresses in Research on Sources and Characteristics of Chromium Pollution
in Soils and Groundwater of Tannery Sites

XU Teng', NAN Feng', JIANG Xiaofeng', TANG Yuling”, ZHANG Wenhua" >, SHI Bi'-*

(1. National Engineering Laboratory for Clean Technology of Leather Manufacture, Sichuan University, Chengdu 610065, China; 2. Key
Laboratory of Leather Chemistry and Engineering of Ministry of Education, Sichuan University, Chengdu 610065, China)

Abstract: In recent years, the issue of chromium pollution in tannery sites has attracted widespread attention. Through analyzing
their tanning process, properties of the wastewater and solid waste discharged from tanning and history and status quo of their
disposal, this paper points out that irrational disposal of these chromium-containing wastes and inadvertent dripping and leaking
of chromium-containing liquor are the main sources of chromium pollution in tannery sites, and characterizes the chromium

pollution in their soils and groundwater. The soils are mainly polluted by trivalent chromium rather than hexavalent chromium.
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However, the contents of total chromium and hexavalent chromium in some tannery sites far exceed the limit set in the national
standards for soil environmental safety. Soil chromium content is characterized by site regional distribution, vertical distribution,
and fractionation. Chromium polluted soil is mainly located in sludge disposal sites, workshops, and waste water discharge sites.
The content of total chromium is high in the surface soil, and decreases gradually with soil depth. In the soils short in exposure to
pollution, the content of available chromium (e.g., water soluble and exchangeable) is higher, while in the soils long in exposure
to pollution, stable fractions, such as residue, dominate in content. Total chromium and hexavalent chromium are detected in
groundwater, and the content of chromium is affected by factors, such as soil chromium content, time of exposure to pollution,
and hydrogeology. As tannery sites are also exposed to organic pollution and acid-base pollution, this paper further elaborates
effects of organic pollutants and soil pH on chromium behaviors, such as redox, fractionation, and transport in the soil. This paper
points out that researches should be focused on contents and formation mechanism of available chromium and hexavalent

chromium. In the end, the paper discusses the main challenges faced and countermeasures to be adopted in preventing the

environmental risk of chromium pollution in tannery sites.

Key words: Tannery site; Soil; Groundwater; Available chromium; Hexavalent chromium
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Fig. 1 Typical leather tanning process and major wastes generated
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Table 1 Physicochemical properties of the chromium-containing waste liquid produced in the typical leather tanning process [ 31!

o IR g HA
AT B Cr (V1) / COD; / BOD;s /
pH Suspended solids / Grease / Ammonia
Waste liquid type Total Cr/ (gL') (gL™) (gL") (gL™")
(gL™h) (gL™") nitrogen/(gL™")
AR 2.5~4.0 0.7~3 ND 0.38~1.4 04~13  0.1~0.25 NT 0.05~0.07
e S R 3.5~4.0 1~2 ND 1~1.6 22~28 1~2 NT 0.2~0.3
A ER” 8~10 0.03~0.1 ND 2~4 3~4 1.2~1.8 0.25~2 0.2~0.6

I:: CODc: A (EEMH ), BODs: AAFHHE (5 K), ND: KEih, NT: KilZE. F[. Note: COD¢: Chemical
Oxygen Demand ( K,Cr,0; ), BODs: Biochemical Oxygen Demand ( 5 days ). ND: Not detected. NT: Not tested. (DCr tanning waste liquid.
(QCr retanning waste liquid. 3Integrated waste liquid. The same below.

£ HESRMELLERS

Table 2 Physicochemical properties of the tannery sludge * '¢2"!

g MAE" Kasg " HHL R A Y
NERICALES Cr(vi) "/
pH Total Cr/ Total nitrogen / Water content / Organic matter / Volatile solid /
Sludge type (mgg!)
(mgg!") (mgg') (mgg!) (mgg!') (mgg!)
S R 6.9~9.7 8~44.9 0~0.6 0.7~28 700~800 764 400~740

H VLSRR T RS, Note: ' On dry matter basis. (DIntegrated sludge.
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Table 3 Physicochemical properties of the chromium-containing leather shavings 12>
ENEELES A Ao HAm way KAy
Cr(vD) '/
Type of leather pH Total Cr/ ( " Nitrogen content Protein / Ash content/ ~ Water content /
mg-g
shavings (mgg!) / (mg-g") (mggt) (mg-g') (mg-g")
TR 3.6~6.6 13~39 ND 137~157 913~-983 49~156 49~407

H UV LIEE Py R, 2 LS BT Note: U On dry matter basis. 2’ On wet matter basis.(DChromium-containing leather

shavings.
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Table 4 Chromium content in soil at tannery sites at home and abroad

- ) 44 pH 4% Cr (VD) / XitHEaik?®y  J5YdEqt EZPUN
34 4 BRI L SRR A B :
Soil pH Total Cr/ (mgkg') (mgkg') FHH*/(mgkg') Pollutionage  References
WVLHE S, B X3k - 33.4~59 400 <0.5~827 52.9 1948—1998 [33-34]
WV T R, SRS 5.56~8.70 32~23 000 1~251 9 1991—1998 [35]
2 B ORI A 2 0 B S ),
4.57~17.80 140~22 000 <1~187 130 1905—1986 [36]
PRI X 35
WAL R, SRHEF A 7.94~8.42 70~29 500 0.6~75 68.3 2016—2017 [37]
ELEEITE R IR RS bl X, V5
— 6.4~48.8 2.6~38.1 — — [38]
TR AL B X 8
B FEAR L WAL A BT,
— 22.6 0.02 — 1967—2017 [39]
131X 8%
- 20 {H-22 4749
BRI BT S Lt 4, 5
— 382~61931 + — Early 20" [40]
e HEAE
century
BRI I FEHE el X,
7.2~79 42.9~10 594 — 100 1900s—2004 [41]
[ L BT AR R JH 4 Tl el
— 0.9~1 157 — 4 — [42]
X, 75 KAk X 35k
ENEERLJE DR 3 Tl el X
— 170.9~551.9 — 100 — [43]

57K A X

e U RMRE A EEE, PRI E] N . Note: ' No value reported. 2’ Cr ( VI) detected. (DSite name and soil sampling location.

@Background value of total Cr in local soil.
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Table 5 Chromium content in groundwater at tannery sites at home and abroad

Hi R KRR 8

- Cr (VD) / AHOC DX B - 4 5 15 L[] Z7% 3CHk
G BRI T KXY Groundwater Total Cr /
(mg'L™) H8Y / (mgkg!) Pollution age References
depth/m (mgL™")
ETY 5 4 7% VY e S S o i ol X
3.3~142 19.0~291.5 12.6~220.5 - —2007 [45]
it Wi i
BV 5 A i A o 4 el X
— — 0.09~0.2 — —2013 [46]
75N gl
L E KRR X,
18~168 1.0~133.6 — — —2010 [47]
Hb Bt S
F ] ¥ FERE AR,
— <3~115 — — 1927—1968 [48]
o7 B
T AR B 4 Tl
20~35 0.1~29.8 — 0.9~1 157 — [42]
X, T BN
EL LTI R IR AR A Tl
— 0.05~9.8 — — —2003 [49]
X, BHEEEX
ELEEE R IR R IR, %
— 0.8~2.3 — 1970~2 980 — [50]
BN
EIVBE Ao /R 128 FL AR 1) 4 el X
— 0.7~1.2 — 630.9~815.3 —2007 [51]
15K HERIC X 48
P S S0 3 i P St o R o) 2 T
— 0.05 — 31.1 —2012 [52]

b X, b 3

e UV RIGEAEHAE, Note: ' No value reported. (DSite name and groundwater area. @Soil Cr content in related areas.
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Y 1.1%. Apte 55571 BB F 1) 25 45 i 405 e oA
I Cr (VI) B0 EEARME, TIRE 15 Y s Al ] iy

FEK, 5T Cr (VI) FEnik 225 mgg ', Xt
AR I F 5 Je/E R Cr (TID) A4k R 2 AYHFF5T
X, TR R A R T A AN AR A DL S
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TR SEALPLEE, S BTG Z X ] 55 b - sl
e Cr (VD) JEALH IR AN

4.1.2 A EAMREN, LHEPHENIE
oA 5HATRBEMAY TR R YIE, 5F
A (A KIESIA e ) e, T
B SRR B A R A RS M AR MR R M A AR
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D) - 458 v B 4% G R EE S A /)N . Balasoiu Z2PMEFSY
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S5 300 N7 (R R RN 0 B RS A RS SR Cr (V)
TE AL, DAER B A S5 KU A i, I R 3 &
il 5 b 52 A5 Y R IE A E B R AL LR, BT
T AL T AR R AT & SR E S S
4.2 1 3% pH X8 7E T IE P IR R B9 %20
FL7E 1979 48, Bartlett £l James *Y8F5% 1 Cr( 111)
FEANTE pH 19 3 BB i AL LA, b & B
R pH BALEA Z 2 dF Cr (VI) BB, 7£
pH 4 3.2 i, Cr( 1) &% 164 Cr( VI ). Reijonen
H1 Hartikainen G AEDFSE T pH 43510 4.4, 5.5 il
6.2 Fy R Cr (1) BRI R, i1k
PAERX =4 pH AT, HHEIRRM Cr (1) #48
Sy Cr (VD). SR K4 5256 2 7F + e Ui ik R
hiktT, SSPRR HIEIR R A 2R, TEH D

MR JFH, BUA I SCRRAP R RGEHE 1 4 pH
X% B4 T R IR S AR AT D B RE I, 1 o 2 S 4 51
Pri5 g iy 1 e AT B 1R 2 B P S SR AR A i s (3%
4). Wik, AUEMTE I pH X HIRETRLN 1
Wi, FFiE— BRI RES A Cr (V) BB S +
& pH Z 8] IR R

5 AR % AR BRI XU B

T [H 22 Ur 3 K A BT IR T L SO BTN ), 6
FEEIOR R LB IR R B . KD ARZ, WREMER
LA RIE I T S RFSEHE R, 5 M % 8 BB XU
B P T I 3 22 PR RO FEXE R PR, i )
T M 8% B PRI MBS By P2 X SR SE . Al (1)
i ) S ML S AR IR B, il BT
BB TT R AT, VIR Ts eIk, DA KA
BT A Ml A, R ST A BELRE
AR WA IE S s (2) A& % T
e+ ARG XU, BN DI hTs i
JEli | A A B A R D RO KK T 3
BTG IRHEAF PR SR PR TS QL O T, T TS
e b e P A BRIE KU PPAG A% 1R R 28 PPAl AT
FALIE A 5595 Yty B R AT b R BT A A 5
(3 )FF il b 4t - IR B 5 18 2K U, i an
el 58 AR A B A Aol 9 DX A | s A 3
WREFHER, 764 RSO RIS QLR B Bih s
WX, BT FSE 3 ARG Y BT IR TR IR
RFR, BRIERER; (4) MNHRoEE 57 1
IS UEBRE AR, Bl . AT X A A i+
SRR TG Y I, B ST A 4 AT A 4 [ TS
B VA TR IR R, 2% BB X 58t 1 o 37 b -
BTG IR, PR V) ST A7 A 13895 B B Ho
PIRERES

6 Ziic5RE

il AR Cr (1) AEOAEER], T4 T
Fp 180 2 77 4 LA R B o Al T a5 A BIR 0 i i e
J1, HIEEE RS AR T HIE Y, XXk
FEPNRIAN R B 5k A ] b M SRR K
BTG5 U B o 0] S - S P S YRR
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BT 4 SR Hl S 4 DL Cr (11D {55 N
T, FEHLBN Cr (VI); HIEESRMER M
TG YL R e T RE LI
R, B ORI, S G AL
il A s Y O B TR A AR S TE et e . £+
e pH LIRS IEA DL SR R AG; H b
(A% TS YL R P AL S Y5 e Iy SR DDA, R
b o OREEPCY 5y D O KR8 B N Rk % S
YURRAE B/ Mr &l R 0 . b 7K rp ARG 0 31 4% R
Cr (VD) WfFEfE, 534 & Joi WA, i
g M R K B S A2 B R S i Y5 ]
I S 5 A DR R A L R . i 3 b A 3 TR A A
PEBt A HLA) R AR T 5 32, A HLY A+ pH
Yot m e HIEP RO (RS . B AR L
FAAL Do FERFTES I PREE RN B, R B DG T 1l
Yyl A-4Erh Cr (V1) MRS ALH], DR
W A K A A, T R Al S e &y
Yo EHEM B AR R, ORI S S0 fL T A
BHGBE R AIT & S E RS %
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