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Derivation case of Cr(VI) soil environmental criteria based on
groundwater safety

GU Xi, CHEN Kouping, WU Jichun
(School of Earth Science and Engineering, Nanjing University, Nanjing, Jiangsu 210023, China)

Abstract: The heavy metal pollutant Cr (VI) has high toxicity and strong mobility, posing a great threat to
groundwater safety. The current relevant soil standards often overlook groundwater safety. It is urgent to establish
a Cr(VI) soil environmental reference value based on groundwater safety in order to provide support for the
supervision of contaminated sites. In order to determine the calculation method of soil environmental reference
value for groundwater protection that is in line with China’s characteristics, research and derivation of soil
environmental reference value based on groundwater safety at home and abroad, and draw reference from foreign
methods for formulating environmental reference value of pollutants based on groundwater safety. Taking
Zhejiang clay loam, Jiangsu loamy sandy soil and Jilin loamy clay as research objects, the distribution coefficients
of Cr(VI) in the three soils were obtained through indoor static adsorption tests. The soil parameters and aquifer-

related parameters of the three soils were obtained through literature research, The soil screening level (SSL)
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method proposed by the United States Environmental Protection Agency in the Soil Screening Guidelines was

adopted, based on groundwater quality standards (GBT14848—2017), a soil environmental reference value aiming

at groundwater protection is obtained.The results show that the baseline values of Cr(VI) soil environment based

on groundwater safety were 0.944 0.690, 0.514 mg/kg, respectively. The results are close to the reference values of

foreign countries for the purpose of protecting groundwater safety. However, the differences of soil properties in

each study area make the final base values different. Therefore, when improving the soil environmental quality

system, local regulatory agencies should build a database of soil and aquifer parameters to help soil pollution

control. The research results can provide scientific basis for deducing the environmental reference value of heavy

metal soil based on groundwater safety in various regions of China.

Keywords: environmental criteria; Cr(VI); SSL model; groundwater protection; distribution coefficient
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Table 1 Basic properties of experimental soils

It RLZH B/ %
% THAHUR(SOM) WIS 152k (CEC) EY SR
pH /(g~kg") /(cm01~kg") /(g‘kg") /(g'kg") >(0.05~2mm 0.05~0.002 mm <0.002 mm
EHIERF L 762 30.33 29.01 1.66 1.01 25.80 41.90 32.30
Wi LA+ 5.40 79.40 19.12 5.47 0.71 21.70 59.00 19.30
SR+ 7.0 16.40 9.30 1.01 1.05 53.80 34.50 11.70

1.2 AELRE

HEAT A W B 55, 20 AR 3 Bl 445 2.0 g,
B e T RO . 43R A [ ) IR 5T vk B Y
HEE TRV 20 mLOK B ey 10 0 1), %14 5
Bk B EE N 5, 10, 20, 40, 50, 60, 80, 100 mg/L, il
1 ~ 2 7% 200 mg/L (&AL ARV WA H A B 1, A
W FE A 0.01 mol/L 1Y S 5 Ha, fife Jot i 1R B V5 W . 1E IR
25°C ¥R 24 h 5 # & 1 h, IR % % 200 t/min,
EEBCEIE T B0 T IR L 10 min, BLOHUEHE
3000 r/min, 2.0 J5 3 0.45 pm 8 BE, BB B T TR
1 mL, ¥ F 50 mL [ 48 H, # 0.5 mL i B2 #1 0.5 mL
BERRIR G5 A, I 8 5k — Wk &l 62,55 2 mL. 3@ 3
S EE TR AR Cr(VD) A Bk . BRI A
M BOE 3 PTG . 23 IC R B SRR FAFE
HRIRAAN:

V(oo —pe)

Ky=—— ey
mp.
. K SrBc 25U/ (Lkg);
Po W] 3 T ) Y e R/ (mg L)
eV Fsf T ) VA B i R B/ (mg L) 5
m TARE 48 i 5 /g

V—Re i AR A /mL .
1.3 Ky
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T AR B R B A Ao A A 2 R AL, ) 4= 4 e Cr(VT)
IRV VAR ) Tk U R

Pw
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0, + Ko, + HO,
e py——Cr(VI) W A R W/ (mg L) 5
w,—— 18 Cr(VI) I 53 80/ (mg kg ™) ;
Po TIETAEHE/ (kg L)
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H—ZFI R4
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Iw = 1+ Kid/IL (4)
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A R R
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d—H T KIR A X R B /m;
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F—TFB#EE/(md");
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1.5 JEAEEIES

AW FE VLR Y b K B bR, B R K R
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B EAE o SR BCCHE TR 7K BT 6 A #E ) (GBT 14848—
2017) ) Hp IV 2 b T 7K 5T 8 43 25 1 48 bR B AE T R 4t
(B I DA S #f 4 396 8 B8 S i (i . PR I B 885 R v 1D A
YN
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ps:IDF(Kd+_W)pm (6)
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1.6 HAhZ%

PLAR AP LR 7K 22 4 o H AR i+ S8R 55 SLHEfH 1
TR AR T B S BN S K2 S8, AR5 i 5
R R 3R A 3 Fh - A (0 S8k, TR AT A 2 8
AR, BOP B E A, HAR L% 2,
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Table 2 Statistical results of three soils and corresponding aquifers parameters

e Hiia HHETAE/ (g-em™) EK LI % BiFEHA/ (md™) KIS F 50 (md ™) B A
A 53 31 6 15
TR RS JL R 0.780 ~ 1.520 28.5 ~53.53 0.461 ~0.979 0.140 ~ 0.789 S LHR[27 - 35]
FIE 1331 439 0.648 0.523
A 41 27 11 26
WAt T Bl 0.770 ~ 2.740 29.7~58.5 0.036 ~ 1.440 0.230 ~ 0.810 S HR[36 — 44]
M 1.927 35.8 0.432 0.640
B~ 51 51 21 21
VLSRR 1 Feil 2.650 ~2.720 21.5~48.5 0.052 ~ 1.620 0.220 ~ 0.674 S HR[45 - 49]
SFIE 2.666 29.4 0.570 0.562

Xt EORIZIRIE 155 K AUK SR, i
T ARG A BOSER I, 22 B RO R IR A

B, PR 5 o i el 5 2 XU A H AR = 0 )

(HJ 25.3—2019) S e A S HURME . AR FHES 3
P3RS Cr(VI) MBI UEME TR S B3R 3.

£3 3MIEKRSHREMSEEE

Table 3 Values of soil hydrogeological parameters and other parameters of three soils

- TIETAE EKFLBRE BiBE#EE KIS ZH FKZIERE WG YL - HR K PR EE
I /(gem™) 1% /(m-d™") /(m-d™") /m /m KT /(mg-L™")
HMIE R L 1.331 43.9 0.648 0.523
WL RhE L 1.927 35.8 0.432 0.640 2 40 1 0.1
VLIRS £ 2.666 29.4 0.570 0.562
) w®= A3 B 2 BOBE 25 90 4f Cr(VT) o & 4 J 1% 38 K T ol /)
=A

P i A B A R 2 T, DAL 1o MR RSP i

M1 4h Cr(VI) T e BE B AR, Cr(VI) 7 4 38 H 9 1l
R 20 7 100 R, 240 3G Cr(VT) i & K F 60 mg/L A,
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W BE N 5 ~ 60 mg/L oK 35543 e 7 B0 DX K (e Y,
JIT A5 53 T 72 H0CH Wi VLR 8 12 (7.48 Likg) >VL 75 S Joi b
+(5.87 L/kg) >3 PRIE T %+ (4.24 Likg) .

25
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=
W 10t
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Fig. 1 Variation of Cr(VI) distribution coefficient of three soils

AR (4)—(6) X3 3 B H(E, 18 ] SSL A
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KSR, 153 Cr(VI) 16 3 R -4 b (1 BREE S
{8, 3¢ P09 Wi VT 26 3 1 (0.944 mg/kg) >VT. 7 48 i b +
(0.690 mg/kg) > PRI it & + (0.514 mg/kg) . T4
R 4,

F4 3MRBTHEHXESHITE

Table 4 Calculation of key parameters of three test soils

. SN e - HECHER B I E(E
K F 7%
TSR ke AL /(L-kg") /(mg-kg™")
HAREERE 1.126 424 0.514
W RS 1.231 7.48 0.944
VLIRHETRD 1 1.154 5.87 0.690
3 g

3.1 SHUEME T

R 4 SSL A5 I Xt 3 T Hit R /K %8 4> Y 1 HE Cr(VI)
I8 S WA HE AT S BB 2 B, LA VL3 o
i, DLl 20 F AT 7K AL Bt B RN A T 4 i (E
P78 A AN 23 5| B o A 1 R A2 £k, (HL 43 T 3R 4K
FIRR B 22 B0 728 Ab 0 34 B8 B vE(E AR A 35 Wk 35 1 5
U PP N 7 1| DO WV = Y G i
3.1 HIESHON AR A Y 5

ARG ARAT 1 3 T+ HE 53 e 72 503 I W VL%
B+ (7.48 L/kg)>VL 7R3 B b + (5.87 Likg) > M4 T
B+ (4.24 Likg), B2 B 7126 48 + AR 55 T V1 90 HE
10 4= F1 7 MR T B X Cr(VI) A 25 5 A W B RE T

NHECEEY (L-kg) | FikEREL

1 10 100
0.790 _ - : 12
© 3L FREL 3
OB AR ‘ ?
0.785 " : |
& FKALBRE ° ‘@ | 110
o780 f° TR, %AA N
P é/ Ijm"" N 18 =
20775 ro B LY o
g / ] : AA g
20770 s d / M {6 =
= & o o Z
& & , ® &
o 0.765 : / ‘ o bl
z s DA A
Koot & L e =
0155} & E/iﬂ e 1?
' /Déu/ _ ,Q/e‘ ©
osol—eoe s . L L ]
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Fig. 2 Variation of Cr(VI) soil environmental criteria when
parameters of SSL model are set to different values

1M 3 A 4 3 Cr(VD) W40 R85 45 A 3% pH
(1) ¢ R AT A B X Cr(VI) 43 e 2 0% T 2 8000 WF
FELE T, M OCHIF 9% 26 BH 3% ) £ 38 43 e R B0 R 258K
i pH. CEC il SOM 4§ + 3t it S 4™, Horp ey
i) 2 %50k 4 HE pH (B, H EZ R0 Cr(VI) i T &
T 6 - 48 3 T YRR ey B . S TR AR AR TR
T Cr(VI) EZM AL, 2 pH EZ BFFAL, +3E%
T (14 1 L faf 23 B OH AU/ T o, st 3856 Cr(VT)
14 B BE T 3SR, ARURAIE ST BTV £ pH(5.40) <
VLI Bb 4 pH(7.20) <5 PRI BT %6 1+ pH(7.62) . #f
TLFRHE X Cr(VI) /W B RE 1 K F 55 A1 2 Fl £ 438, |
VLR L BC R BOR T 5540 2 Fp 4 BR pH LU
A, Fh A B A BT RO v T HE T 4 A T B
+, 2 T B A I RO R T AU A+
R E BRI . FEAH R Cr(VI) #RBE A5 BT, 8 i
WL A VA 2 T K Y Cr(VI) V5 440 F 55 41 2
Fofr - 8, XoF b T K 035 G XURS B/ o PR 3 R R AR
Cr(VI) R 58 2 8 o8 # VL 26 1 1 (0.944 mg/kg) >V 75
b £ (0.690 mg/kg) >7 MHE 5 B 1 (0.514 mg/kg),
WL+ A IREE I e K. Xt — 2 RIS
DX A - 1 pH 23 %o W B 8 7 38 RS2 ), 1 5 e
B L BB KN, e B IR B SR I R/, FK
R Ew, IR — X 4 e R
SEA M, B A T 4 2 R XS - A BT S
AR AR AL, R 2 fd 40 X HERR BT S vE (AR EIR R
3.1.2  [EN AN R R R U LA

AWK 5E S 1 56 [ EPA f) SSL %5 R 75 3] 4L
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MR K22 A - HE Cr(VD BRI R, FEh 7 B 2R 4K
{14 JBCAEL 72 A X B0 358 B M (B o A7 0 5 i . DR
BT 3% [ 2% M 5% T e A KRG HUME RN T AR R
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SR 1 B0 0 28 BOBCIEL R T 530 T 75 1) 2 058 R o {EL R AT
P, 4R s,

®5 SEESMNETHT kRS THEMEEEENILER

Table S Comparison with soil environment criteria based on
groundwater safety in US states

HEE(E

TFFT Hb X e F b Tk A Smeke) Ve B Sl
mg kg
EPACHFL LA ) Y sy
AN +3EEEE H AR 100 19 E =D GINER]
K %Efﬁgﬁame — 0.013  BHICHK[56]
P2 BLIA N v B B ARG 20 4.2 Z:25 CHR[57]
BTN B HbRfE 1 1.6 S 3CHR[58]
REETRS 1.126 0.514
i WLEE L 1.231 0.944
VLT + 1.154 0.690

T e Rk .

H 3 5 A 15 3¢ [F EPA il % 9 Cr(VI) P58 FE1fE{H
558 PN AR A 1l S o 155 0 T ) A 1 A 5 5 o 1 A R
FF b T K % AR 52 B 5 Cr(VI) WK% 1Y 52 T Sk
AT S, A MR ILEEA R R ER ., FEE
SRR e Z B0 22 5 T 2 30, DR R B K 2 2R ALY
ANTR], 56 ] BRF R0 25 M 3 3 53 i 8 T 45 S BRe O 19
Fi B 250, Hoh 2[5 BPA ML 46 K Z BB T, 4 A
7% 5 M TR B <2023.43 m? I A 22 BUOUE M 20, 24858
Sy b, 1) T FR>2023.43 m’ B B 5% 3 A7 A 2L B 53 A1
AT S0 K R o R B A B R B R 1, A
A 5% R ] 35 [ EPA 42 fit 0 7 B¢ 2 B0 55 A i
7% B R B HE S, T A9 30 B R 45 26 | EPA (1)l
FH = 3 0 R AR A 55 IS MRAE AH I o AR WRAF 5 I 4511
LA 5 35 [ EPA il & R BE R B 1R 0 SE o
EH 2 . MR 4R SSL BIRYn] 1, Bl & /K 116 5 R 5K
P3N, 5 e AR B S B G T, o BB AR OG, i 2T
MR 7K 22 4 Y - HE Cr(VI) PR 558 3 v (8 0 45 7 B R 5L
BIEM K. AHETE oK T35 T R ECR B R Wi TR %
1 (0.640 m/d)>VT. IR e D + (0.562 m/d) > 75 MHE i 5
+(0.523 m/d), WiV B3+ oK 18 5 RECK T 5 40
2R B TUIAR R R BRI R W VLA £ (1.231)>
LR HE D £ (1.154) >3 M 25 £ (1.126) . A
Cr(VI) 7E 3 Fir 1 438 A 455 56 o (H 1Y 28 90y Wi VL R 18+
(0.944 mg/kg) >VT. IR HE i #F 4 (0.690 mg/kg) > FRIE

B4 (0.514 mg/kg) , W V13 58 - B0 20 558 B E{E B K
T3Hb, XA HE— A R W5 XA 5 KR R T X
R B 2R 0 IR ), e 252 ) - M P 05 R v A R
N o AEAZASE R T 15 O R 25 TEIRIE WP Cr(VD7E LS
AT Y TE DRl I i, DRI A T SR AR s R 2R 1S S PR B R
LD RO LU 5 500N, DA B T 45 3 Y Cr(VT)
PG R AH X DR ST, T 4545 Hydrus 553 F KI5 444
18 S ASE RN AR 10 1 220 1 Cr(VI) 78 2 K 2 T i 52 B iz
Mo 1 T X8 M B R B AT B IE, (43 Cr(VD) (Y 3R I8 2
HE(E S ol &

Zi b, S OKE S B BUEXT T35
PRIE SR A TR A 2, 4 PG [ AP B i R 2> 4
F RSB HUETE B 5 AR, (B3R 3875 5 KBS T
ik o o v o M A K Sl T 2 B BRI R B
B =, JF H i T3 B pg L7 58 25 R BOR, MELASE
— SRR SO BTSRRI N 2 A S 0 A R A
M - S P05 R v EL T 50 04 2 BORE A, D 3R 1Y L
15 e AUBS DA B (H AT 0 A R S 4
3.2 S S Y A AR Y LA

UTAESR, Fe[E N T HERRIE WA, PR B A IR s A
PRI g 4x, AT T R PR i AR b S e X
W48 42 A ) (GB 36600—2018) 1 it ( 4 8 R 355 i 2t
A I M 4 TG e AU P A 1 ) (GB 15618—2018) 1,
FE b FH b o v BT 5 K i) 4 R S e I YR
LR BT, T SRR Cr(VI) P 5
PEAT A . DR AR SO BT e (el 2 5 P e e v v
KT 1 HE Cr(VI) B4 2R B, IF-5 A B E Jr i 2
Mo K e 4 R IR R E AR AT LA, D 3R g RR
IR BLTARR IS %, 45 R LA 6.
®6 AHRE (TERRREBR LA T ETLEXREER

#) (GB36600—2018) " XF Cr(VI) BIEMLLE
Table 6 Comparison of Cr(VI) threshold between this study and

soil environmental quality-risk control standard for soil
contamination of development land (GB 36600—2018)""

Ei=tan Cr(VD#{f/(mg-kg™")
- SE—J 3.000
5 FH 3, - S8 0
AR b - S — 5700
. I 30
i i &'n
R - AR 1 S5 7
FHMIE TR+ 0.514
EN TP WL Rkt 0.944
VLA e+ 0.690

AWFFEHY H B9S2 e T 5L T3 F K % 4 Y L S R
SR, T O A b e PR 0 ofi B/ TR B
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A P e S < S AR A o o A O 2 SN A, LR
MR K 22 A Dy AR B S B B R O A R B b
M AR A B o R L B A AR T %
3.3 MR K TG G R AY B %

ABIFTE SSLASE Y r 4 1l 7K H 453 Ja 15 4 BR J {E I

A 3% FE AT A (T A B b ) (GBT 14848—2017) ),

T2 Y AR B e T ) T 7K 5 bR 0 A At R XL I
17 BT T K 2 00 e BE v R BEAT 4] 23 o AR SR 2K
T 7K T A TR AR R Al HIOK s 55 IV 2 T oK
1 4b B S AT LAAE Ry 2R 06 K o e A Y AR TR AR
FHK B3 ) (GB 5479—2006) ™ w1 5% F A= 116 4K FH 7K 7K
Jot T A= R B AR TR, IR R PR T 2 A if
BIHR PR UEAT OB, WAk 7.
R7 (HMTARERE) (GBT 14848—2017) ™ 5 (&£FX%
FAKIBEFRAEY ( GB5749—2006 ) ™ i Cr(VI) $5HRHILLE:
Table 7 Comparison of Cr(VI) index between standard for

groundwater quality (GBT 14848—2017)" and standard for
drinking water quality (GB 5749—2006)""

Cr(VD B i/ (mg- L)

P
[k Iz m3k  NX V%

CHUR R B AR iE)

(GBT 14845 —2017)2 =000 <001 =003

<0.10 >0.10

SRR TLA AR D

(GB 5749—2006)"") 0.05

AR RBE ST ) H 02 50 35 6 R B B
W FR, ARAFEE T MR K% 4 Cr(VT) 8 38 5% 3
B S BT 7K 5 s A o v 4 IV 28 R 7K o i 43 2%
B 48 b, XF SSL LAY ) Cr(VT) B B (B AEL, DL £
TR G A 2k TORSF (3R 8) o H% IR E
S A TN OR Y 2 & R i N 7= B o =% | oy 8 4
W5 4R KA Ry 35 AR S KR T ARV K, R T

F8 3R T 2 FIREBMERER T L CrvI)

NMEEAEITE

Table 8 Calculation of soil environment criteria for three test
soils under two limited values

o , Hi R K Cr(VI)i5 %2 FHECH (VI FREE
e 4 ; =
A PR R el MR (mg ke )
SR V2 0.10 0.514
% 0.05 0.257
V7K—
W B = 010 0944
m& 0.05 0.472
%
o % 0.10 0.690
ES 0.05 0.345

2 4t Jir B FH K ) i B 22 4, iR KO 6 I T (R A 3
FHKBRHE . Cr(VI) 76 AR TG K R A B oA 5 T2
KT SRR AEAR ], R A D i XA B R o (AR
AL e ) b R 7K Cr(VI) 5 34 BR 07 B Ry 7™ 85 Y
T 28 3t 7K 3 dt 43 2 (9 48 A L, 38 2 32 48 s 1 R £ PR
S {E I R HH Y BR 5T o 0 O T 2 b S B A
B o K T2 b 7K 5 & B Cr(VT) 48 b {8 A 7 A
RUSR AT 35 F 1 T /K2 20 Cr(VI) 4 8 36 55 5L
{H, IR R 8,

Y76 8 FI AR, 2430 OISR N | ™ Ak 11 275 T 2 s
PI T = 7N N T B S o Y ol 0 e
Cr(VI) P55 56 B R AIG, PRLIL DA M K Ok 32 2242 3%
K Hin DX R 24 SR BRURE Ay A% 11 - 1A 4 4 e A DR
4t T KA 205 e, ARG I S T R K
A 1) B B R o (R e A ¥ % % A LR, A AR
B 1E 75 G, BEATR AU, A 4 i N B Ak 19 24 i il B
- A SR AR A R R R RN IE L S R

4 HFig

(1) 38 3 7 A 0 BRH U0 3R A5 T 3 A e 480
Fic 22 550, 3 3k SRk R AIF 3 A - RN K SC M B 2 BT
VAT 3 Fiialt: + 18 i B R4, SR 35 [ EPA i
Y SSL AN, 3T (M R K B i bR vfE ) (GBT 14848—
2017) 0 da ity R 7K 1) Cr(VI) 75 Y BR & ) #E 45 2] 3 F
T 1 HE DL T UK 2 4 HAR Y Cr(VI) - 3 35 55 5k
VEAEL, 40 ) S W VT B 3 £ 0.944 mg/kg, VT3 HE b +
0.690 mg/kg. i PRI T %L 1 0.514 mg/kg.

(2) A HIF 5T 4 T 1 32 T b F /K %2 4 19 £ 58 Cr(VT)
BT IEME 5 6 [ DR R /K % 4o H bR G 8
FEMEAA 2 mg/kg BN HE T, H 45 BF 5T Ml DX 4 3814 T 1Y
25 S AE I R AR FEMERUE A T 2200 . T AR A&
el W ) 3 S R0 PR, TR s AR B A7 7 — R 1 R
BTk, BT LA #E— 25 4 Ak 45 Hb 52 PR 9 3R 7K SCH
JoT 2 005 AH G G RE, A5 3 B Sy oE A 11 - 4 IR BT L
{EL, B4 0 BURF A BEER T T $2 S 5 14 o

(3) (e PR 5 ot A 5 P b 4 98955 e XU 5 4
FrifE ) (GB 36600—2018)"" 3¢ F Cr(VI) i 1 48 i 3% 1K
e 55— ] M 3.000 mg/kg, &5 —JE M 5.700 mg/kg.
ARG S 0936 T b T K% 45 3 Cr(VI) PR 35%
FE WA AH L RICME D w55, DR A 0 FH b, - 8 7 e U A
b v 2 B 5 A S Y B, R T
W AKG Y AMEIR B, T T K Z e HIER SR
VR M T S I Y BN A o AE ) T R AR v
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