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Abstract: This paper is the result of environmental geological survey engineering.

[Objective] This study aimed to understand the stability of heavy metal pollution in farmland soils surrounding industrial zones. A
total of 100 surface soil samples were collected and analyzed for the total concentration and speciation of Pb, Cr, As, Cd, and Hg as
well as their association with clay minerals. [Methods] The extent of pollution and stability of farmland soils and health risks
associated with the soil and wheat cultivated in these soils around Wuji Tannery, Xinji Tannery, Handan and Wuan Metallurgy,
Guangping Chemical Plant, and Neiqiu Chemical Plant were evaluated. The evaluation was conducted using the single—factor index
method, soil mineral evaluation method, and health risk assessment model. [Results] The analysis revealed high concentrations of Cr
in Wuji Tannery soil, Hg in Neiqiu and Guangping Chemical Plant soil, and Cd and Hg in Wuan Metallurgy soil. A significant
correlation was observed between heavy metals, particularly those in the residual fraction, and clay minerals such as
montmorillonite, chlorite, and illite. Clay minerals exhibited high retention of Cd and Hg but low retention of Pb and As.
Additionally, clay minerals in two soil samples from Wuji exceeded the Cr retention capacity Human health risk assessments
indicated that soils posed a noncarcinogenic risk (1.02) to children via oral and dermal exposure. Moreover, the cancer risk index,
with wheat as the intake medium, exceeded the acceptable limit (1x107*) for both adults (5.16x10™*) and children (6.44x107).
[Conclusions] There is a positive relationship between heavy metals and clay minerals. Therefore, residents in industrial areas,

particularly those who rely on wheat as a staple food, should pay close attention to the Cd content in wheat.

Key words: industrial zone; heavy metals; speciation; clay minerals; healthy geology; environmental geological survey engineering
Highlights: The industrial area shows abnormal levels of Cd, Hg, and Cr. There is a positive relationship between heavy metals and
clay minerals, which has a significant impact on ecological health risks. Local residents should particularly monitor Cd levels in
wheat.
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Tk A= g = A K EE SR TR+
S T TG G, A R NS S e A7
FH, IR LIEAZ IR o B 2 #E . Pb,

Cr, As, Cd fil Hg fE B8 e AR R EA
AR IR, L ZET A% 25 i T K Hp e Bl ™ i i) A (TS
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Table 1 Formulas of calculating daily intake of various exposure pathways

e Riik{E AR
Cs xIRg X EFXED
A/ ADD,on = S XEEXED 6 "
+ 3% * BW x AT
" Cs XxSAX AF X ABS X EF XED 6
LIRS ADDyp = 0 5
&H% ?iﬁﬂ dermal BWXAT X
Conea X IR yhea X EF X ED
/J\z ﬁ)\/[‘ ADD. — wheat X heat X X @

ingestion BW x AT
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NEWR

CR,= ADD,xSF, (9)

TCR = CRyg s +CRug +CR (10)

Hrp, CR, /& x BREEIRA FEUR TR MR —E
Pt KBS 16 555 SF, J2& x B #8112 (SFyg o, SFypme) 13X
JE LR As, Cr. Cd &R A+, kg'd'mg™'; TCR
FEICE As, Cr., Cd il i =Fh 2 58 A2 1 S 80 R
BHEH. 24 CR < 10°° i, R T E KUK ; 107°<
CR < 107", AT 32 9 i AU s CR > 107, A 4K
ASREIN 32 58 5E KU o 45 S E R BUE K B Lk 2
Fis o
4 ZERE5r
41 BEERITHEKTE

AR Tl DX P Y R T AT ANk 4%
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Hg(97.76%) %8 SR E i . WA TALIXE, 54~
Tl XA 4 i BT AR, SR Cd Rl
Hg 175 & A As HikaE, b a2 ih 4 Mek T
P X JE 4 1 432 Y Pb, Cr, As, Hg LA IC R
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H A-3Erh Cr JoE & fi s T IX
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G g £, ABIICE B B TS YY, T5 YA iR
By NS TR TS e B — AU, {3 Cd
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Table 2 Value and significance of health risk calculation

parameters
ZH FLAL AN =9
Co Gy mefkg RS
R
EF  365d/a fing
ED A 70a; JLFH 6a LI ]
ET  24h/d H 3 F 4
B o
AT 365 x ED day 2
i [
BW A 70kg; JLEE 18 kg TR
SA  HA5700 cm®-day ', JLZ£2800 cm’-day E;ﬁﬂi&
/N
AF  FA0.07 mg-em™?, JL#0.02 mg-cm” W% B R
BRI
ABS  0.001 2
s
- R HEL
1.36x10° m*kg™'
PEF x10° m* kg 57
- - LRSS
10° kg'mg™!
CF g'mg o
; -3
IRy fMA100 mg-d™, JLE200 mg-d”
i ¢ £ A%
IR, FA0.225 kg-d™!, JLHE0.075 kg-d ! N
WAFE
RFD #A: 0.001 mg - kg™-d™,
RFD-CdRFD #: 0.00001 mgkg™'-d™,
RFD ¥ #k: 0.00001 mg - kg '-d ™
RFD;gion: 3x10™* mg'kg -d”, Bk %
RFD?AS RFDinhale: 123X 1074 mg.kgil.dil’ r Ei%
RED,,: 1.23x10* mgkg - i
RFD,,,ion 3¥107° mgrkg "d ',

RFD-Cr RFD,,.: 2.86x107° mg-kg '-d”",
RFD, i 6107 mg-kg '-d™

Cd: SFy,: 15kg:d'mg ", SFyy: 6.3 kg:dmg '
SF  As: SFy,: 1.5kgd'mg”, SFyg: 15.1 kg-d'mg™', RILRH T
SF 0 3.66 kg'd'mg™; Cr: SFygy: 42 kg-d'mg™

Wi, LiAKE, 5 DX Rl He 154K -6t
W, Cd W5 YL R 2 . He Al Cd 2 Tl i% shiy
i 48 Sk P, o %t Tl XS 3 4 FH 44 He, Cd &
KT R E A
42 HAEELBITES T
42.1 3@ L& BT FE A A

As JTCE M HAERIZ S BAR, WA TREER N
S R (K 3) . He LR EE a8 8,
RS RS, Cd CRAERZ G Rim, BIkE
o A TR B B4 S R B TE 40~60 em Ab B A 1
Fio CroCRAERIZS B, RS EREURER in
LI E A4, 7E 80~100 cm ALMEATF#AE, Pb JLEAE
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Table 3 Statistics of heavy metal content (ng/g) in surface soil of farmland around industrial zone
44 /1 5 JLHE SN He/MA TIME b2 A5 5 2 5% b FE ;i
Pb 32.1 17.2 22.23 3.79 17.03 21.1 1.05
FHETIX Cr 84 56.8 66.7 6.75 10.12 68.1 0.98
Rz ) cd 0.22 0.08 0.15 0.04 26.42 0.09 1.67
N=20 As 11.6 7.01 8.98 1.05 11.68 13 0.69
Hg 0.097 0.013 0.045 0.02 44.17 0.04 1.13
Pb 25.9 20.4 23.23 1.53 6.59 21.1 1.10
JE Tk IX Cr 76.1 58.9 67.19 4.6 6.84 68.1 0.99
[ Ccd 0.3 0.12 0.17 0.04 23.81 0.09 1.89
N=20 As 12.9 8.82 10.74 1.25 11.61 13 0.83
Hg 0.231 0.022 0.049 0.05 97.76 0.04 1.23
Pb 36.9 17.7 23.98 3.64 15.19 21.1 1.14
Ttk Tk X Cr 165 58 78.87 23.96 30.38 68.1 1.16
Rz ) cd 0.25 0.1 0.15 0.03 19.97 0.09 1.67
N=20 As 9.21 6.85 8.53 0.61 7.14 13 0.66
Hg 0.084 0.015 0.055 0.02 35.50 0.04 1.38
Pb 412 20.6 24.06 436 18.11 21.1 1.14
WETMX Cr 72.6 59.4 64.35 3.88 6.03 68.1 0.94
(1) Ccd 0.32 0.12 0.16 0.04 26.15 0.09 1.78
N=20 As 10.5 6.96 8.633 0.91 10.49 13 0.66
Hg 0.18 0.022 0.066 0.04 59.24 0.04 1.65
Pb 38.1 23.4 32.43 3.53 10.88 21.1 1.54
ez Tk X Cr 74.6 56.3 66.91 4.57 6.83 68.1 0.98
CEE- R cd 0.25 0.12 0.21 0.03 15.58 0.09 2.33
N=20 As 13.4 8.93 11.16 1.29 11.51 13 0.86
Hg 0.184 0.034 0.09 0.04 47.40 0.04 225

A R, RS R,

MR L, EEJEITE P CronR SR, ik
4 Pb, As & w3, Cd. Hg & & & K. Hg. Cd,
Pb LR R)ZHHE, 16 40 cm DU T FRIEE K,
Pb. Cd 25 G4 s, IRHRZENE S5
fifi F1A6 OC RS 32 WHA%, 2005; & HEKAE, 2005), Hg JT
RERE T RBE SR RSN NG A
(FB3= P45, 2002; /NI, 2009) . As, Cr JCRAIESR
EEEAL, AR E R, AT ART R, st
R iZoc R SR

Tl AR s A i DX Y ™ R, T X T
TCRRFNACHT, Mo 22 i T T, 15 4 X 5 e s ]
HE BRI L, JUHRE DR SRSy 1
5 S Jm 5 Y i k™ (2R SOREAE, 2020) 6
422 ¥\ ELBKETLEENL

fifF 5% 3¢ A B 4 A PR B R0 0 5 B O, (H A
F B R IO T B AR T i AT 28 DL S A Fil
JE 2589 He A5 (Kim et al., 2010; Cui et al., 2018) . %
— T E LA LT LS S LIRS
FAR PRI AR, AR R A (R AL L s A Bl
SEA SRR A7) ARE R (I, KIEZ, &

TR GRIREL A G Z k. ARIIEE
TR IIFETER R 22 5 o R R UL, BORNERE 1B
ADHAT A MR, AN B IRBE G Tl WFoE 4%
AR IEA AR, X 43 HAE RS AU R R B30
A EEE X, FI, ASGE X R R IR E SR
BRI, A3 N TE T Tl X (WI) | T3 Tl IX
(GP) . RELE T X (WA)RE T 34 53w
(K 4), SR 0~100 e PN 4 J@ AN [RRETE A
R =E

M 3RO, KA AR Hg 78 0~20 cm, 20~
40 cm 1 80~100 cm REE Y H 43 L, Cd 7E 40~60 cm
F1 60~80 cm A 43 b =y T~ HoAth H 4 & K A L i
BTN CdTE 0~100 cm P [A] R BE 1Y H 4
FLf i, 16 0~20 cm )2 H 4 FLik 13.52%; kiR E:
ZE A Cd 7E 0~100 cm PRI BE A 4 ot i,
80~100 cm YR FF I F] 13.42%; £k LS M Pb H
53 L TE 0~80 em /& T H A 5 4 J& T %, 1 80~
100 cm ¥ Hg A 43 i i, i 39.45%; 5843 #L
gEA B Cd 7E 0~20 cm A 43 LN 14.45%, Cr 7
80~100 cm R e fm, A 75 N 18.67%; JEFH IR 45
G As A1 Hg 195 s T Pb, Cd., Cr, 40~60 cm
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Fig.2 Bar chart of the percentage distribution of single—factor pollution index grades in the industrial area
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Fig.3 Profile distribution map (0-100 cm) of heavy metal elements and clay minerals in industrial farmland soils
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W R A R T R B RRE, BRI A T (AR
WA EAETH . BRZ4, Hg. Pb i EH A
WA SRS, BHA TR W B &, 7525
HE
4.3 FHEHWHIFE
43.1 R EpH A

X LA oA AR, KRB LR+
WIERRA . B A Gl FA SR
2o PRI S R, OO SR A kA, 254k
T2 N 44%~66% . 14%~24% . 11%~21%, ¥
SERIIN 57.5%. 19.3%. 17.1%. F/52RZEM5
J A i, AR LA 0 R 2%~9% . 1%~T7%,
T E RN 3.7%. 2.4%.
4.3.2 F) @ 5 A A B

S TERZ S AR, 20~40 cm Ab R YR FE 1S
e 2R EE (R 3) . FRIATE 40~60 cm 4b
TR, B2 IR S IR Z, 20~40 cm 4b Al
60~80 cm Ab 5 H /b UG BETR R N 2
FEAR B 3, 76 60~80 cm &b 48, 1] W& fR ik
b e RZSER D, E 20~40 cm Ab
1o, T RE R EE RGN & R R AGE S . TERIRIZR
JEERTAE, 0T SRR, 40~60 cm 4bm R &
B, S R R o
44 FrwyS5ELETENHEXN

hik = HER LY S TEESEITRZ
B A5 2R, i SPSS24.0 A/ 40 5 21 32 )2
A 3R LY RS I E A R T R A
KRR, BRI 4, 5 As JTURIAF) B E TR EK

SR, BERIATE 0.01 KT b2 L TE A GG
2, BRIRATE 0.01 /K5 W A, A, &
W /5 IRIZ R MA G 5 He o R A2 B 0
AT By, /52102 5L 3 R G, S
A R gk A RIS, sk a2 0G5
Cd LR R H B F MM SCE T Y, kA 2
FOAE, A R PYSHRIZ ARG, f
FlE R IEMSE; 5 Cr 0 Z s 2 8 32 A K- 1
Th, PHEERIELE 0.01 /KE 2 2 A G,
Pl 52 B35 A O, ghilef i 35 B A O, ik
BIEME, WA R A 5 Po uF AR B E
AR Wb, S B DRIRZ . 4k
T B, A R IEAC.

H4LJBILE As. Cd. Pb 5HF A R IEAXX
R, 5mEka . stlefq R OMEER, WX FFE
SR ICE BRI AT | SRV W AT REME RN
EJEICE Cr 5k 1. gef . THFEIRZEE IEM
%, SHRAG AR, fEXTRZE I E SR TR
PEAFIREEA AT AN SE M A7 R L e SRR
A PSR E I i, fTRE 4 W A e B R
&JBIGER, i1k E 4R U E 0 IR)ZE e X R K
iTF

BUACRE, #5954 8 T R M O
Fo As HEWA . I AL PORA R B E IR,
sreq BB E M. He 5500 8 5 AKX
(0.01 7KF), JId A, GbAa R MAHE. Cd 55
AR EBEIEA, SR, gef 2 0A500.01 7K
V) o Cr 5l 2 3 IE ARG, BRI 2 8 35

x4 FruMEEERTRAXN

Table 4 Correlation of clay minerals and heavy metal elements

REF TS EEETEMARNE

(R VES As Hg Cd Cr Pb
A -0.116 0.307 -0.101 -0.307 -0.118
PRI 0.632%* 0.168 0.354 —-0.625 0.345
e H -0.389 -0.112 —0.168 0.458 -0.153
Erdlr el —0.694* 0.004 -0.509 0.56 -0.281

HIZERE -0.247 —-0.573 -0.021 0.646* -0.304

FImA S e R T R A
s 0.632%* 0.45 0.717%* -0.275 0.634*
RFIH 0.728** 0.278 0.366 —0.684%* 0.355
i c¥e) 0.567* —0.312 -0.326 0.838%* —0.341
e —0.808** -0.24 —0.444 0.33 -0.405
RIZIR)Z 0.065 -0.133 -0.178 -0.009 -0.104

VE: HRIRP<0.01 KT ERZFMIG; *RIRP <0.05 KF LEFEHX,
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A (0.01 K)o Pb 552 I A 5 i 3 1F A %
(0.01 7K, s, SR A 2 A

Fim LY S E SR TR AN B
IEASEIE R, RIARE L0 Y0 48 W 454
T 3E %5 4E ] (Alexander et al., 2016, 2019; FEHFHE,
2017) o W] LAREAGEE 4 & (RS sl A AR 0 A R,
Vel /D - 38 T 4 1) K AR ) S HLAth BR S BT Y
T%, LMELEE R HEBEE . As fl CdTE
kAR 0K R, R Y AR T,
As Fil Cd fE Lk le A Wy A7 48 5 oAb 4 @ AH B
TER IR, As A G WS A LD b (Cai et
al., 2019),
4.5 TERBEREFN—UAF LT WA

EHEAAH LD E LT YENAA . =R
FLA E S R A LR L, SR R B )
VPN A 1, TG G B (R ORI T 4
JE TG Y BRI

HR A O A 5250 Y T30 4 % B 4 i b A o
AR, AT LUK A pH A T 3807 ¥ 0 fff
4 T PR R B i, B R A (452248, 2000) .+
Berh 4 R U R 0 & IS, B0 R R A, I
2 S R BT RO A (B R, 2000) . 43
TBYLRE, K2 1 Cd JTUE KT Y N U,
B e ) Cd U R WA R BTG YL I RR B, sk
+ 3 Ccd TR E R ER S . P CdITER
15 YL AR RIS, IR BT T S Y A
—90% LA I, HIEH L L % Cd JuE BA HR
([ 22 5 2 AN RE T, AR R a2 R,
FHERE LY Cd MR BRI A i ) e R R
o, YA R Y AR F i BRAE

SATALIXFRIZ L5 Cr U E A I5 YL B KB
A3 R TUE, I IR Cr e R KA AT 1A 5]
TG Y AR L, SO ICER S - Cr i R 5,
W%t Cr 02 HAT 505 1) [ 52 5 8 9N RE T, 3R 8%
FRE R . B, A 24 RS (W6 Fil WI12)
P75 YL B IEAHL, 15 YL BEAE AR (81% F1129.9%) , #
T H I Cr TR A YNRE

F)2 e Hg Ju R 0975 YL 1 R 64, Ui
T4 ) Heg TR WA B BTG YRR, e+
Herh Hg iR M B . R Hg oo R TS
JURE RS AL, HIE SRR E . TSRS

—-90% LA b, 3 %5 LA %t He TR HAT 308
B 1 52 5 2R AN RE T
FJZ L Pb It &R (129.20%~347.70%) Fil
As TG M5 YL (20.76%~555.12%) A TF1H., 11
AW PR T R B BN RE AR, S A s i g
T YIxt Po SLE A As JCEK I [EHF I, B T RE
B WU em AT R, (BR 5 A Tl X5
A S RAIK, Pb TR A As TR 5 HABTE ok,
SE 1N B, TR g ] TR BR RS A A
PIERER E AL AAPL S & (RS 44, 1997, B4
MREE, 2000), IR EEH Y LLRRE LT A,
TR K B W AR TR Ak ) S AR L k%A Ak
Y. BRIRER . A VLRI SE IR W . F LS
ARAE 1 e b AR e . A5 P AL BRI B I, A
BRI H i A, S PR . B9 32 IR kA /40 AR
b B R A A B LT AR TS Y DI RE, e
g W B 1 2 4 JE V5 4 W) ( Esmaeili and Eslami,
2019; Otunola and Ololade, 2020) ,
ARAFFRALR T 15 o, TP RRE
WYk, I AFAE R 1R A AL B SR AR | kTR
i AL SRR Y, X e Yy sk P o A )
SEA G WHE . TERE LY B/
AEY) . AR EEN PR A 5T,
4B AT B Rk K T, BT i —
4.6 EEERE TR
CEFA S ATl KRR 100 K )Z 118
FESL D 50 R /NZZFEFL Y Cd. As. Pb, Cr, Hg 5 Fif
JCER i, I TER AR RS T
TS5 (36 5) 2RI, P @ ad Bz ik ko =i
R R, )L (4.48x107) 5 T LA (2.35%107)
1) 2% i i, FLURJE Pb M R Rl iy B g i . Y
I ok gt 5 R 4 R 0 B8R R O A
4.37x107°, JLF 8.44x107°; A FA/INZE KPS, 208
SN 5.00x107, JLEE 6.24x1077; 3 B0 KU
R HQ, A5ty T35}, B2 ik Pb iy, JLE
(0.96) KT A (0.50), (HAR S5 A sl AR 20 X
Ker; it Hg, JLEE R 3.10x1072, AR 1.62x1072,
A5 R /INFE AP S AR R AR A B 3 B
NGB B AR B XS . 13 Y B TR B0 XU 15 5L
JLEEHg 1.02, BER T 1, 2% A 5t i A B0 XU
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*5 AREFBAX T HEF/NZHIEBIERE (HQ ) fBUEXMK (CR) (BAA-a, JLEA-c)

Table 5 Non-carcinogenic and carcinogenic risks of soil and wheat under different exposures ( —a for adults and —c for

children )
HEE IR 57 ADD-a ADD—c HQ-a HQ—c CR-a CR—c
N F ik 3.47x10°° 6.65%10°° 2.83x 107" 5.40 x 107 — —
4458
cd ’ B|A/O 2.11x 107" 3.43% 107" 7.05 x 107 1.44 %107 3.17 x 107"° 5.15x 107"
INFE B|A/O 1.03 x 107 1.29 x 1077 3.44 %107 429 x107° 5.16x 107 6.44 x 107
e  J: 1.69% 10°° 3.23x 107 1.37% 107 2.63 %1072 6.19x 107 1.18x10°°
As wA/O 8.06x 107 1.67x10° 2.69% 107 5.57x 107 1.21x107 2.50%10°°
INE B|A/O 9.03 x 10°* 1.13x 107 3.01x 107 3.75% 107 1.35%x 107 1.69 x 1077
N i 235%x107 448 x 107 1.56 x 1073 299 %107 — —
iiuu
Cr = A/ 3.00x 1078 487x10° 2.00 x107° 325%10°° 126 x10°° 2.04x10°°
N B|A/O 1.05x 1077 1.30 x 10”7 6.97 x 10°* 8.69 x 107 439x10°° 5.48 x10°°
s Bk 2.01 %107 3.85x 107 0.50 0.96 — —
Pb * A/ 2.57%x10°° 418x10° 6.43 x 10°° 1.04x107° — —
N A/ 1.95x 1077 243 %107 4.87x107° 6.07 x 107° — —
- J Tk 490 x10°° 9.30x10°° 1.62 %1072 3.10x 1072 — —
+3
Hg ® A0 6.22x 107" 1.01 x 1071 1.04 x 1077 3.37x 1077 — _
N A/ 6.88 x 107 8.57 x 107 229x10°° 2.86 %107 — —
ADD-a/ s ADD—c//5. HQ TCR
T +% 437x107 8.44x 107 0.53 1.02 7.57x10°° 1.39x107°
v N 5.00 x 1077 6.24x 107 4.07x107* 5.07x107* 5.20x10™ 6.5x107*
At 4.37x 107 8.39x 107 0.53 1.02 5.28x10™* 6.64x107*

/INAE I AR SRR RE KRS 1 B8 /N T 1, AN X AR TS 1
A 20 XU

INEUEE XS SR, /N2 B0 AR 48 FOK T 4 1
1) 5098 DAV i A0 (LA B2 R RN 48 A E 2R R iR
F), Hwm R B/ NZ ) Cd S8R A/ IEAE, B
NN L ZE 300 KU $8 50k 5.16x107 il 6.44x107%,
I8 BN AR A BE T 52 9580 KU, g e XU 6 %
H T Cd {9 = 7K, AR 2 PR . PRI A
Cd 7512 Py RS H8 B0 oF 1 R L A T 52
FREE(1x107) o ArLA, Tolk X PN Ry B0 JE R
XA Cd TR NG .

5 4

(DM S FhEE &R R RER T, Tom R ) 4
H 3 Cr, W )R T 1) Hg M 26 4
ARk e M A3 g Cd M He Sadin . (B, 3
A& FICI5 Y 1) 42 B 15 Yo K, AR =
G JaE P E YT Y KUK

(2) 15 4 B WRAA L S LASE + 54 [ 5
SIBIRBESN T, REtEs. HEESRITRY
B WA BT R, RIZE &R TR
1AM ESEITTR S L EA B
Moo E—L UM, B REE e gD ES

JE W EEL ), 4 4R TR kA 2R T o
SEM.

(3) K2 EHP 7 Y%t Cd, He [E 5 4#%
Fo [HAE, CrnEA 2 A HIEFE B TE L5
XF Cr ICE I ANEE S . Pb LR M As JLEK TG YL
M IEAE, BRI, Rk 53 £ Pt &
GBI E R, J5 I T AR e 4 A ke Ak A
A, AR S EL IR CREGEAHIE,

(4) i B XURS: P41 2 BH , - 1 9 A o KU 15 40
HQ M JLEE(1.02) KT (0.53), &%F JLFE 1 AR
g RUBSE o AT /N 22 R S 1 8 AR B0 XU
FRT A 0 - S AR HE AR R Bk A A B0 KU, AN
SN NS AR EUE KU o H, DLU/INZE A AT
J 5 B B0 KU TR B TCR) B (5.16x107*) AL
i (6.44x107) 2 M 1 Lt 27 BR M (1x107%) o f
DL, 2% R A/ N RS Cd &, st i 6 e R
/DX Cd bR/ INZ BIHE AR
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