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Zn. As. Cd 1 Pb AW 4h i SE4 B MAE . 3 pH AR HEMRAIC R, RAZBAERIASEE T
4R AT AR (R? JEHIN 0.662~0.983) , (HAEUS IR A RHESORIE T 053 Xt 4 FH -3, 71
DR EA R PR IREE %P R 3§ 48 (Co. Cr. Cu. Ni, Pb 1 Zn) B, pH FAAHUTHGHE T3
AT Ik /N 3 I A AR T 2 AL LA AR BOMETR R* Ol 0.006~0.523, HEEHF—EFEE
N I E A R A Y AT At XIE S SRR, A E S ERAAEAS S e pph
TR FNAHT As. Pb Al Cd B Al 45 PR TRIUALR, FONARL R* 4 0.70~0.98, FHIRHBEHLAR
MR EHE AT FER AL YR 25 M AR

E TR R R FHZ AL AR T 25 P BSR4 | b s R R MR X s L
AR R 5w AR AU S B0 LA, AL 25 20 2 Bk HL A5 e, T DUBERX A
LT N S 1 o0 [V 5 /LU= 7 I e 2 BT 2 7 L R ey 1 7 v | B 4 8V S 573 e
HeE 4 )R PAHSs AT MmN AR D . AT AT E R E Tl . K =4 PR XAy 5 e
MRS, R LI (As) AR Z 07 AT [a] tE (BaP) BYAEYI ATt . 159 a5 e
TR, R A A 5 i AR LARAR I U VA A vl 25 S A, I3RS b+
e 4 R A IFRIRSTAE TR A S
1 #RERE
1.1 HIERENS AR

T 3o 4 R A M RS AS TS L R S5 Web of Science . F I S48 WAL £ 75 Yl b e+ 48
As 1 BaP [RIMAGEA= P ] 45 HEEAR AT I ) e B, UG As A BaP G, AP 44, Dkt
e pH, PHET2cHei (CEC) . HIEA ML (SOM) | Rifd A S H etk i . WIAEIHIE T 200 i SCHkAT
6 RS IEAL R, S E YT 4 e . 3 BRSO ELTAE X3 3R S Y ) 12 e
A3 Gy KBS ITPA R, Hirh As 5 LA 194>, BaP /el 74, WEGRES TN, £
H, RAGETRENLARARE Z TN T A B S A 7 AR R (B )
1.2 SYRTAES R REE ST

Xt As Fl BaP BAEYI AT 45 5 R M 3B U I TARSCHE T, Geit i R 30 As il BaP 1
A] gy i S A S R IR M SRR AN T IR IE S, I T Spearman AHICH: 53
Mok Ahiss BRI 2Z [ A, B3 MoKFEEL P<0. 05 1 P<0. 01,
1.3 SYIRTAETUNAERE

A AT REE T e AU B AR . BENLARARIENE il A 2 NIRRT, e
B, WEEAIRIRURSIA B m Iz AL RE 758 . AWFSE 53 3R I AL (B0 7 vk R REA AR U Ty 2 gt - 48
As Fl BaP A9y vl G5 PEFINASEAY . Sk T ke g o] SEAG TR RY  XF As Al BaP AW nl g i . B DL I
CEC, SOM. Hifi, MyRiFnabkiasdE IE A 30 BRI T 5 AR . 3 statsmodels™ i THA EEZ A Rl
AL, A e B AL AR R BN . OFF AR R BEVLIR 73 MU ZREE (75%) Rl 4E (25%) ; @i it
“RandomForestRegressor” i1 TEEA, Jfifit “GridSearchCV I TIASAEZR , JARERIAOEEE . AATERCRIR
JEESRTHREMSE, RN NZE T 13 URIE (cv=5) ; RIS EGH Ik, AT e
I B R T A My T 28 R T S A R N LA T TR S P B R LA
ZVER SHAP {EDRIAMA LA RIS e 2, Hoh SHAP J& TR SRk, XT4AA-muml
FEA, BEAMEIEARA 14> SHAP {H, 'EFRRFREXHZBUEEAT TR B R 2280 (R PEAG 2 Ff
TSI PERE, YR R S A TR A T 2 M g5
1.4 FUNAEER Z=51565IE

9 T WU e S BR P rR A AT SEE, S5 S XML SR, SRR T FARIA A,
ANEERE) T AR WIRAEE) R L) T 6 SRR TR AR R () SRS Y B R
As Fl BaP =4 a] 45 R AR A TIAIE . X 6 B Al FIREARILE Tk . K=4/ . FE%SKX
B, HEmase ] g i 8RR SOM ., pH 2522 5k, HAAWIIERterE,
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1.5 HUREBS AL

A R 4.2.2 B “mice”W A TEIC AL, f#H] SPSS 26.0 B T EH R ST A FIAHC AT,
fdiFH Origin 2021 BRAESCEVEAE T AL . A [T R RIBEA L AR (BB R A 2 Python 3.11 B4
Scikit-Learn £330

2 HR5TH

2.1 BURSEME

FEPRTHESF Y 12 FSCHR 3 4 KU PEAL S i i gidis, ande 1| . kT, As V5 Ystbb £
Kk, I As MERTEEN 1.28~15 218 mg-kg ™!, As AW 45BN 0.56~6 088.31 mg-kg ™!, HA:Y)
AL PE 404G PBET . IVG. UBM Fl SBRC 4%, AWmI 45 HERIN 0.9~89.7%. BaP 154kl 3%
WAL A, I BaP BYBIEER R 1.20~320.1 mg-kg™, AW 4GB 0.03~9.13 mg-kg !,
AT S ESE RN 1.4%~52.79%, K71 =20 DIN, H3EPE B s AR an & 1 s, IR a4,

= 1 SHHIR DR RFIE Y AR

Table 1 Soil properties and bioaccessibility content of contaminated sites

bR 15 LB FEARAEL B /(mgkg ™) iy s WA 4/ (mgkg ) BRI
KIFEWRE 3 5.76~7.61 IVG 0.96~1.24
IR 2 1.28~3.53 IVG 0.56~1.76
INTLKIRHRT 3 11.50~345.56 IVG 1.41~17.0
KIEFIRH 3 5.26~9.79 IVG 1.89~2.73
FROIG R 1 275.01 IVG 40.98 i
3CHik[22]
ERIRE 6 3.50~10.04 IVG 1.14~2.82
i 2| 7N 2 9.40~79.54 IVG 1.74~22.71
IINENE Y 3 10.81~75.73 IVG 2.85~23.81
MR 3 6.13~722.62 IVG 1.78~247.61
As KRR 4 11.75~15.66 IVG 4.52~6.16
KT 1 225.80 PBET 44.26 SCHik[29]
RTEHE 11 36.00~4 172.00 IVG 12.30~3 183.24 SCHR[32]
FoM Tl X 1 26.00 PBET 6.86 SCHR[33]
IR 8 7.00~205.00 PBET 0.85~32.25 SCHR[34]
IR R R 11 28~15 218.00 UBM 0.95~495.52 CHR[35]
AILRET 20 7.40~96.60 PBET 2.96~49.81 SCHR[36]
PR 1 107.48 SBRC 96.41 CHR[37]
iRy Y 1 7 063.00 PBET 6 088.31 SCIHR[38]
HE Tl e X 3 5.94~10.28 IVG 4.25~7.31 CHK[39]
L) 13 8.21~21.41 DIN 4.00~9.13 SCHR[40]
JentfE e 1 320.10 DIN 6.40
WAL 1 88.90 DIN 6.05 i
N SCHR[18, 41]
BaP etk 1 46.60 DIN 6.89
Kyl 1 1.20 DIN 0.48
PR 1 2.10 DIN 0.03 _
SCiR[29]

EL IR 8 3.40~15.45 DIN 0.13~2.87
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Fig. 1 Boxplot of soil properties data in contaminated sites
e A 2 R B, WKL (2.339%~89.17%) . KHRL (10.83%~79.80%) . Kiki (0~53.5%) . CEC
(0.98~36.18 cmol-kg™") . SOM (1.72~343.08 g'kg") . 11 pH & 2.20~10.90, 3 i) 25 55 M A5
As il BaP AEW] 51 5 T EVERTZ [RIDC R R FR AL T LAt

2.2 SYIAAERXMES R

KH Spearman AHCMEMT T, AF5E 3
N/ RIS W 7/ PN v il e I PG N EP S
P (£ 2) . &R, 3% As Fil BaP AE4n]
RS S B S HIEA O (P<0.01) , 5
PR A S IR SIS AR . 1A pH )RR
YA EERNERZ —, g En As fl
BaP R/ B nl 4345 pH AR B 35 SR e .
CEC 5 As (AW 4y A B 3 bk, xXn]
REJEH T 13 CEC RIS WM E 4B, 5
CUI ™ iUtFoe el I —30, eAh, Kk 4L
5 BaP B 5 2 B AHDC, JRAEATRER T+
HERRL TR, RN, ERIELR, RS
MRS Y, AT AR . Ao
LAt A Sk ot 2 6k A= W mT i = A s,
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Table 2 Correlation between As and BaP bioaccessibility and

total amount and soil properties

520 H A 45 BaPAEH)nl 4Bt
TS 0.888** 0.868%**
pH —0.295%* —0.612%*
HHLE 0.102 0.009
CEC —0.277%* 0.222
AR 0.113 —0.498**
Lig A -0.104 0.347
Wik 0.046 0.257

e o * U E L%, 5% B ZEEAKT,

BaP AEWnl 4PES SOM 2 HMAHEPE 4 SOM X BaP 25218 e 45T 14 PAHs WEFRE Jyom, wl LA

3R BaP BLEMI AT G PEREIRS,
2.3 YR ETUNIERAE

FETE L MHT:, X As Fil BaP AW Al 45
AR (1) F1 Q) Bs. ihielE75
AL, g As Al BaP Al 45 2l R
BE. N5k 3 R, As il BaP A] 45 5 I 2R Tt

"3 As 1 BaP TG MR LRSI T RE
Table 3 Stepwise regression models performance for
bioaccessibility content of As and BaP

T YR iR
RIGCRAAT, R 433 0.818 F1 0.917, As izt As 0818 0.802
££ R* 4 0.802, {H BaP JUIi{%E R* (M 0.306, iX Bap 0017 0306
UEHR AL [ 34 2% BaP A=y ml 45P Ty
AR AR PO 2 SR 2
1gB s = —2.67 +0.891g T, + 0.531g w(Sand) + 0.73 Ig w(Silt) + 0.04pH-0.151g CEC 1)

lgBg.p = —4.06+0.821g Tg,p +0.901g CEC + 0.04pH + 1.381g w(Sand) 2)
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AP B, 38 As BAEYIN A5, mgkg'; T, Fn As [EE, mgkg'; By, Al Ty, [A); o(Sand) FoR
WKL, %; w(Silt) kRS, %,

SETRENUARARIE:, DL SRR SR ARRERT As A1 BaP A2 gE 7100, RIS E
ESHI As TR AGECE N 86, HESHONBIME, BaP WA IEEN 31, HESEOWER
IME. TARS AR 2 B, 3R 4 FPAIIZREE R 405100 0.961 Fi 0.894, ¥ HRiR2E (RMSE) 4371l k
0.158 11 0.220, HH4E R? 430514 0.743 1 0.793, RMSE 435124 0.390 1 0.169, 1568 R FHBEHLARAR A1
P A T 25 AT RAFHIZARRE T o BT P B R LR EZEE A SHAP (EAFRBEH LRI T4
RUIPPREAEE M s 3 s, As BEAFHER AT T SHAP {A 1.0 £ 1.5 IX[A], KUt As BIE
T As AW Rl Sy B IR, SA ST A R — L, TER TR AR AR ) T OCEE .
[ 4 iR, BaP Mim i e e rRE S5 T SHAP {H 1.0 2 1.5 X[a], 158 BaP 4 St X Fui A= ] 24

40 ¢ 207
I 44E R*=0.961, RMSE=0.158 YIIZ54E R>=0.894, RMSE=0.220
3.5 JIZ4E R=0.746, RMSE=0.388 1.5 | » %% R=0.793, RMSE=0.169
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Fig.2 Random forest regression models for bioaccessibility content of As and BaP

FIE IR0, 2 B LR ] AR 75 g o ) A
1IE, pH FURSRL T 4 B o A REA S A T
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4 As F BaP BENARMATUNREELTNIERR
Table 4 Evaluation index of random forest
prediction model As and BaP

AT R TINA T MR, SAHSCHEMTESR g DIZER VIZHERMSE  BSER MIASERMSE
—. As 0.961 0.158 0.743 0.390
PRSI AR As A1 BaP A=4m] 25 f Tl
T(A g
(As) ‘ T(As) #e3 eobfudee. oo VP 8w
ot [ ik -
SOM j pH -§ -
cEC || CEC . E
5
Sand —‘ SOM ¢ _."
Silt W g o
Clay -‘ L *
‘ : : : : ' 1%
0.0 0.2 0.4 0.6 0.8 1.0 1.0 -05 0 0.5 1.0 1.5 2.0

FEHE R SHAP{H
() AsBELARMELRY Py & 2 (b) AsPEHLAR AT SHAPTH

3 As EYA GBI AR EHEEZ Y

Fig. 3 Random forest feature importance of As bioaccessibility content
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Fig. 4 Random forest feature importance of BaP bioaccessibility content

RITEYIZRAE AR R? PE R T2 IS5 A e A TSR, (B Bt AR mT A ) T A 7 75
N2 S ) [ T = o2 A o S 3 Ry e e SR L i b e e 7 Liva
2.4 FHIFHIE

VERE TIGEL T FIEIAEE . ASEKEET . EE . WIRSEET bR 6 NTE b
PEATREN ARSI A IEAIE, etk 3R AN 5 R, RARIESEL (As MR A5 86,
BaP TR A 31) , TSGR AT 45, Sl ) AR O (RS, TR LR
TR AR GIE0TE . SOUESSRANE 5 B, BoAEAQaHE, Hith 5 DNROMBERTE 95% Bi5H N, &

R 5 REPRT I FREEE
Table 5 Soil properties data of contaminated plot

e E SRR HYY HiE/(mgkg)  pH  SOM/Agkg')  CEC/emolkg™)  Hiki% k% k%
1 KEATT 225.80 8.17 231.02 5.30 11.00 72.00 17.00
2 ARG 169.36 6.23 52.58 5.20 5.62 74.08 20.30
3 INEKEHRT As 345.56 721 121.54 10.00 44.43 25.16 30.41
4 HEMIEERT 1.28 9.29 1.72 4.02 3.41 60.00 36.59
5 W R 280.00 7.66 16.38 9.02 37.00 57.80 5.18
6 Jemsefe) BaP 46.60 7.71 23.20 8.10 1.95 17.06 80.99
B — 22 S0 AT AT BB S ATR R A7 ] N 2
BRI, TG 5 e e ik e
RN Ko 6 R BIHLERHRLE 95% T = O
N, EAG I R 0.97, IREHLA bk EREY:
(PR AY FURCR AT, AESEBR b B ] &
AR AT LARAR T AT AT 25 f A T 1l g 05
3 4 g
1) 437 & B0 -4 As il BaP (A4 AT 44 5 0T
15 R A W IE ARG (P<0.01) , 5 pH &2 0 1 >
e e, A As AR AT 4585 CEC (S (mg kg )
SR E AT, BaP AWyl i SRk TS E5 RGBSR BFREHHFS)
B o A e Fig. 5 Contaminated sites verification results (numbers

2) S AR FH A I35 B LG R 1124 represent serial numbers)
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H As Fll BaP A=W 25 TR RS, Heg 2 R SREFMERAERT R* KN, K IRRENLARAR AR A 4552
A [ SR B R] 5 HyZ A RE Jrsim . A EE A BENLAR AR TSR (R B 2 5 Spearman AH G 7B 45
_‘ﬁo

3) R HABEH LA ZE B ) A Myl S A TN, S5 A R HRHIESE R, As Fl BaP FEHLARAK R
DRI 6 A BT Y M e A T AR AT (R?=0.97) , DB A9 RIS T3 [ 4t Tolk S
K= . PUEgZEIXE As Fil BaP V5447,
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Effect factors and model prediction of arsenic and benzo[a]pyrene
bioaccessibility in the soil of contaminated sites
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Abstract Compared to on-site sampling and testing bioaccessibility, constructing predictive models for
bioaccessibility proves to be more cost-effective and time-efficient. To investigate the relationship between the
bioaccessibility content of arsenic (As) and benzo[a]pyrene (BaP) and soil properties, this study conducted a
statistical analysis of data on As and BaP bioaccessibility, bioaccessibility content, and soil properties from 12
research articles and 3 risk assessment reports. The relationship between bioaccessibility content and soil
properties was analyzed . Subsequently, this study constructed predictive models for bioaccessibility content
using stepwise regression analysis and random forest regression analysis. The results showed that the
bioaccessibility content of As was positively correlated with the total amount, and negatively correlated with soil
pH and CEC. The bioaccessibility content of BaP was positively correlated with the total amount, and negatively
correlated with soil pH and clay content.Prediction models for the bioaccessibility content of As and BaP were
constructed using stepwise regression analysis and random forest regression. Upon comparing the R* values for
training and testing datasets of the two models, it was found that the random forest regression predictive model
outperformed the stepwise regression predictive model. The feature importance of random forest prediction
model was consistent with the correlation analysis results. Consequently, the random forest regression predictive
model was used for site-specific validation, which yielded positive results. The results of cases validation
showed that the random forest regression model for As and BaP had good prediction performance for six typical
contaminated sites (R*=0.97). The result of this study can provide technical support for the application of
bioaccessibility in heavy metal and semi-volatile organic compounds contaminated sites.
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