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Abstract

The potential hazard of heavy metals in soil has been attracted more and more attention. Predic-
tion of a continuous heavy metal concentration surface helps identify hotspot problem areas for
environmental management and remediation. In recent years, forest-based algorithm has become
popular in solving many Kinds of problems in different fields, including geoscience. Random For-
est Regression is one of them works well in prediction. The paper represents an application of
Random Forest Regression algorithm in predict concentration surface using soil sample data col-
lected the research project by Liebens et al. (2012) and other covariates data. Such as “sewer waste
points”, “dry cleaner”, “Traffic data (Named AADT) and EPA TRI (toxic release inventory) in this
study relate with the main way about how soil heavy metal spread. It also includes Florida DEP
“major/minor emitters” and “DEP emitters” data. In this paper, we use random forest regression
to predict continuous heavy metal concentration focus on Pb and Zn. The point’s data were di-
vided into different Kkinds to calculate the density surfaces. Joined these density data with soil
properties data and sampling data to create two datasets: prediction points and training points.
Both are in the study area and have the same set of explanatory variables. Then run a Random
Forest Regression model to get the prediction results. Finally, assess prediction accuracy with
RMSE. The results show that RMSE value decreases when the number of decision trees increases in
the random forest regression model.
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THFESERRE ESE R R R FEIEFENRMEE. Fil, & EREE(Zn) SRR R
PE, o> R ARG, TS RRRR L R R L] N 5 5 B e I B AR R
Hr(Ph)2 i — Pt i K E &R, BRI, JCIR ) LE R p[2] .

E AN R . Goit S KN EIRE L 500 LI 4 8 (1 = R) 4 M AT T K&
9T HET, AT LIEE SRS BT E S =2 MRS HE RN AR Gt AE AR 2 A A b
2 BT MDA AR AT 2 (AL [3] - B O A2 23 (B A0 AT 5 iR R 1 0 398 B 45 g 2 (AL RFAGE 43T
HEAS TAERIRCR, (RIX S 5T AE LT LA 7 TS A — 2 (1 SR PR
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Figure 1. Study area
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3Tt DX i AL ) B < SR AN B VA B, 38 B 2R A Al AT B R AHBOE[17] [18] [19] [20]
210 g R HE S T AR S R G S R EEORIE . ) DA% (2017) NFER R R B MRYR . A @ JE A
MY g B SRR B 1 R R [21] . B @B EH KBS H ESENES, S0
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2R Hb X T B BT T S B YRR R (B A0 TS N 7R 8 1 8 T 3 W (Zn) A4 (Cr),
[ERE IR T 38 B BT 1) 35 e . IS E ST K Bl (Zhang et al., 2012), 3 Zn, Pb & E 5 CER &L E
FHOG,  BARIX — RIS bRIE oL LT &, (BB TANFER BN, 8% BB Em AR, HELL
THERIFE S, 5 IR 7E A 22 IL[22] . ASCUSEE B T B 9T X AR H AC @ & (AADT), AR HAE N+
HE SRR DR —, H BN

FUeE &8 o KBS, (BAENEKZHIHPE T, Bahawnlss, E8RaisHaiE—Rmit
oK MERE[23] . TR T ANZEKZMREAE I 3%, Kb &R S FKNERZmERZE5 . fill, 38471
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O.A.E.B.C.RARE)VKIME S5 Y, HIE E(ZWILE Z)E A - (AR, AiZE7K)ZHdfE (impervious)
S EEE A LI E SRR, A LEEATEE A SIBA F[24].
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R PE SR KT BB o FF SRR . bR o 7 e 2y S 8 R 0 R B AL AR
133 2 BLak P A X - 458 7 4 S vk BE AR BRI XS AT A, KA Bl T 0 X 3 P PR B A AN
=RiFR Y= )

3.1 WHEKIR

3.1.1. HEHE

AR IR AR U A T AL E 270 MNIETERE AR DR A s ] 6F TR TR X AL TR IIX B A 383,
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2) TR R R 2Bk B R ERNR, B BOZEE N RN TR ) B R
R B E R ZEE O E AR SO RN, W, 2K, W2, t)E, R, tF); &
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5) JEBK AT A 45y H 25l B (AADT: Annual Average Daily Traffic)¥# 1 H (FGDL). ‘& 2& %Al
BN B — I AR R FR DL 365 K5 15 3 IR - AADT & —Fii i B E A FH 178 i BT R EE Rl & 7 v

6) A BFVITURIE AR SHRE : o U 6 o L4 &8 IRAR BIR AR e R R, 10 RN R E R,
AT RAR A TS G e FHOCHE

3.2. HEALTE

3.21. BRAERRE

AT T RSl foe 4 A BB FE AN ER (S 2 R G nT IR B SO IN 2 ArcGIS Pro FrastAT A, SRATIN
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REIBATIZAA, T RMSE S 4L 1z I e PE, e SRAG Tl 45 R .

3.2.2. thEEEXIEALE

TR ) 14 NS S5 A S 5218 50 G < & R EE , o sSOURS e  Ok 2 ai Hh X
O NS HETBUER: A R B DR 2 HE TSGR (0 s I o sl e 2 LIk G AL 2 4 A B s TR o W B R
Mr, FRCRUETION B 2 A 285 SR v Rl 5, PRI FE BT B (40 S50 AT HE R PR B0 T Ak 34

1) AR 35 H 0@ R (AAFT), KA R T RBT T, HRA5C T3 H 22 & 1
e E I S VAT R TR Yap 1 NP U W P o S0V M Sl

2) AHCE RREE . ARYE D IR RS F RS B id % (DEP_Emission), i FH BRIA ) « 44
KR, THHE “REE (Kernel Density)” HiTHI . XFT-A S FURBGE S#.(TRI), A “BZEL” H&H T,
S AR “Total_air” F%5 5 1

3) TCHECR AR b I IEIR 7 4 (superfund), RS 5 (dry clean), 73 [ A3k s (solid
waste), #7541 25 (orownfield), 757K Kb HLE £ (sewer treatment), =2V EHEL 4 (major_minor_emitters),
UEREARTOINAL,  ARYE s T EAS O L) R RE” T

3.3. BlEERM TSRS

N T IR AIEAR Y 25 LAY R AR o (1 S B - BER A SVE  PE A 2 AR I R AR . Bt T
PRIV ZRAEAS O AT 78 A B HE B I PR R A o IR BROR BE T 20% 1) 5008 16 9 25 5 VF A8 I SR B0als A AR (% of
Training Data Excluded for Validation, {8 il £ds 45 LA AT I UE I A 4 L), BPE 20% M EdE1E N
MRS BEARFE AR BEATHESVE VY, S BT DL E M X AV EA 10%3] 50%2 7], A ERIAKE A
10%. A ALK AE B A X L BE LA S RSO0 T AT ISR, I 1 SRR R U A 5 T AR 2R 47 LA
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A

T ESBAPD), SRR T A2 5 4-10.5 F1 30.3. it LA SR R A T E 453 105
AN SERRRAE BRI UIZRFE AN 25 SR PE PPN R A I N B R MBS RS (1] 2 23 ).

T EEBEE(Zn), TR E ST AR 2 B N—17.475 A1 47.475, 3@id LL_E SRR R A AR 52
102 A SEFRRAE sV E NI GREE AN 45 FEAERR TR AR A I B IUALAL p (B 2 R 2470 6.

K 2 SRR R ZRRE A R R VR VRO R 5 . TR AT IX Y (0 R 4R 4 (Ph) LA K EE 4@ 4% (Zn),
FLAERR PPl HcE BT 2E 00 M BT B OG0 A R (1] 2 h B A s ).
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Figure 2. Accuracy evaluation samples
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4, LR
4.1. TRESBREZE T

K 3 NERJE PO L X W A 18, SRt fon b B SR (Po) KR ERIIK, ZLBRR
35 b G R H(PR) VR LR X, IR B i Y [l 72 3.61~20.97 mg/kg 1] (ML AL CR B P /N« T 5T
DX P 11 B 2 £ (P) 2 ZEER AR AR ALL A T PN DA BR324 (Pensacola) iy el LA K% AL i
WX SRR, WML A& b .
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Figure 3. Lead concentration map
3. EERIB(PL)=E S

TEZFERIRNX, BT ANOEONEE, MET HEHPOR B SER RO 18 P L= AE
BAJGeIs < m) 2 thHESORI B, T <R A (Ph) 72 iR A B AR th 245, TS BUZ L8 AL A
I Bk 4l AORL,  JTRRAE LI XE AR AR, 35 YN A 30 KR RE D 0T e XA 2 B B P
R (P) R B i AR

BFFEIX AL FR 32 2 Palafox Tk E BRI, B @ HY(Pb) A& B A B, X i T2 i Dk g
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Figure 4. Zinc concentration map
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] 4 R E G R EE@n) ERT T X A B 25 (a0 AT ], SRR 3 G Ja B (Zn) IR FEERUIG, 4B 30R
g H G R A (Zn) MR FEERGE X, HOREEBUATE B/ 4.93~31.74mglkg Z A (L AL PR B I AL N . A5
(X A F) 4 J8 B (Zn) E B AR TP R 5455 Bz (Pensacola) 3l T Pl Ak DA R, b 5 3% T b X R BT

) AT IR B, T XA P S Qe B B, R AE B2 R (Pensacola) 3 T Bl . AL
Palafox & T & JEEAREMERIT, Ak F B & JB B (Zn) & IR Z .

2% R (Pensacola) 3 i el . AL Palafox =& T2k RN ME (1) 3 [F] 4 s I NI R, ZEAfiRid
B RIS A RENELSBE(2n), WILEME TR RS P4 E L B (2n) I 2 I
EHIERE, SRR X IR E &R (Zn) S & im T HAb X .

42. TREGRSEONERZWEFEERE ST

K] 5 s BRI AT X PN 43 A (Ph) SR AR P AR s 1) 14 AN AT I E B HUE (A BT, EEMEK
WBRAR) . RIESME, 3kif2(Particle Size). ANi&7/KJZ(Improves) LA K 415 H 32 38 & (AADT) X7 X

B (PL)RIRZ MR, L E R 5 HE I 1R % .

_ ELRBBPOEMETFHEEM
FMMEF(Variables)

TR 452.0126493
TEKE 352.4325858
EYRXBE 346.9079323
TSIKHER 265.9603379
0-5cmTIBEH MK E 243.4281363
TRHETH 230.8920659
T30 FI A R 3B 4 SR 226.5587619
EWREFD 172.8110271
IR BB 170.2203523
FikEuh= 161.3281193
EERETIHR S 161.2832297
MRS FAHEE 130.3744635
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ERFERHE 116.7101138
0 50 100 150 200 250 300 350 400 450 500
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Figure 5. Importance of Lead influencing factor

5. E2RIBPEEFEEM

A HEANE 5 /N ) 0 A B AR S & o B el A9 00, 2 X3 B 5w A (Ph) SR AR 22 + 38
¥tz (Particle Size) K/NHISZM, b TR ELAR 2 200 B <5 Jm BT (Ph) 72 3 P R AR - 5245 (2017)
SN TR fR A B (Po)EA [F] L3RI AR 2% 18 T %o L s3e iy AR FEAN IR, AN [RREAR ) L 3
WL EA AR B BT 5 5% SR BV SR 3 X =3 B ORI RLAS B R N T 1S K. Bl R4 1
N B R (Ph) B R T . LIRS B R (Ph) Vs SRR O R RN B kig(0.01~0.05 mm) >
YHHHHE(0.05~0.25mm) > HLKEH7(0.001~0.002 mm) > 4Kk (<0.001 mm), AT 7T X A 4 3 DL i U Okt
£ 0.05~0.002mm). ¥> -7 (kifE 0.063~2 mm) Al /b &KL £ (RL4£<0.002 mm) ZH i 1) 3% £ (lomay) 4 &=
(https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/nedc/training/soil/2cid=nrcs142p2 054262), JtH &
FE LT LA SR My e iy, AT A g DA [X el B <5 4 (Ph) BE D SR AR A0 5L A
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(dry_clean) %t 5t X H < J& 8 (Zn) I FE MR, HLELEIE A o LU 1 34 % .
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Figure 6. Importance of Zinc influencing factor

6. EERFHEEWETEEM

HRL0R BB 51— /N YT 2 1400 BRI 2 50T 45, %00 978 4 2 95 St 2 3y
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(Zn), WS 26 2EAT Bk FE ek S BA T AR, HEWUR, 4 7 4 S (Zny BRI FEFR B, 6618 B T
H - e

B HU B B T B M T IR B (Zn) V. TR AL (BT, R RAE, 2002), Ed
TR ()RR (CUI P 5 MR W0 Wy B TR A R A DR . LA LI & e 5 R B Zn) &
B G FORIE . ATRIOOLA T S MU A 7 L0 1 T o B (2 Ik RN W 2 R L9 v
L 6 28 B

% H 5 4 B (Pb) 5 T AR ER(ZN), LA S0 BIE I (R 14 1 S e AADT)H o S50 4yt 4 0
%%,ﬁﬁ%ﬁ%%aWMMﬁ%%Wﬁwmmwwmmmm%%E%ﬁ%@mm%%%%aTm

Tk B A8 i FEEREGEY, Ll OE (P LA EE(Zn), HIXMWEESRA #5050 s

DOI: 10.12677/aep.2020.103046 400 BRI AT


https://doi.org/10.12677/aep.2020.103046

e 2

S RLANEE =L AT (Ph) AR (Zn)1E 2 B I -3 (AR R, D A BRI B, A BRI R
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