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Abstract
Inrecent years, palladium nanoparticle materials have gained significant attention due to their high
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catalytic activity. The biogenetic palladium nanoparticles (Bio-Pd NPs) offer advantages such as en-
vironmental friendliness, cost-effectiveness, high efficiency, and sustainability, making it a highly
promising research direction. In this study, Shewanella oneidensis MR-1 was utilized to synthesize
Bio-Pd NPs with high catalytic activity. An orthogonal experimental design was employed to inves-
tigate the effects of several factors on the synthesis and catalytic activity of Bio-Pd NPs, which in-
cludes different Pd(II) concentrations, electron donor types, dissolved oxygen (DO) and pH. The re-
sults indicated that the four environmental factors, DO, electron donor, Pd(II) concentration and pH,
affected the synthesis of bio-nanopalladium in decreasing order of significance. All these environ-
mental factors above had significant effects. Besides, with hydrogen as the electron donor, under
high Pd(II) concentration and low DO conditions, Bio-Pd NPs with high catalytic activity could be
synthesized efficiently. The optimal conditions for synthesizing Bio-Pd NPs with high catalytic ac-
tivity are: 200 mg/L Pd(II), using hydrogen as an electron donor, and controlling the dissolved oxy-
gen at alow level.
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1. 5|8

BEE L AT LM ESURP AT K e, FAERTE RS H R, HEARME. HREM., 5
FeAPE, XPHLUROK. 3. MR ARSI BE R RO B 1]-[3]. SAETT R LRI R, b
SR AR [4]-[6]. B ATHE T IR BB AR AE A = . BEFEEUR . XA BEA A5 1]
R 71-[9], HHELZTT, AEVME S HER AT Yk 7 i SAE 1 U 3 1) 2 5T, (B S aliR] R AR
YA VAT AL L S5 8 FR AN B v 8] 7 SRR IRl [ 10]-[12]0 BRIk, B8 2 R e A5 TF R B AL

YR B HARNE AL RN e Z N TS5 75 P8 B Stk . 9K B A & HLER AU s
s, EEARERER T BB T 2 RN AT 5 [13]-[16]. PR el i@t = MY 5 ik & i, B
BROIRE TR R & Bt A BN BURFIRRE A, AAEIE SRV RS2 B B R . De Windt [4]
PN S H 54k 4 J8 ik R 41 B Shewanella oneidensis MR-1 (S. oneidensis MR-1)£ F T 49K 48 (Pd NPs), Jf:
UERH T H X S ALY i S A = 2 [17]. Hosseinkhani 55 N FIFEFIF S, oneidensis MR-1 &% T 9K4E, It
M =S LIH(TCE) A B ARTs G L g 7 h &R I JF S, RIW 50 mg/L AEY)& I oK EEAE 1
h WSEZBLT 20 mg/L =& IS4 18] [19]. Nuzzo BIBNIER] 7 X Fh A4 & sgh KAk T (Bio-Pd
NPs)X IR B REVE OB, (A 42 21 AR W g oK A8 ) A7 A2 v 38 DB V& 1 2 R (20 FESRIT B FE
Yang %6 A RIF S. oneidensis MR-1 75 JRES&AE ¥ PAID)IE % T 990K [21]. BHBERT L, AEA9h K4
MUEAEM T Z ERASEM, futtE, EAFMCR FWEA A, B G ASA T EIR,
PR T A TS IEOR, X e A MR i B 3 [15] [20] [22]-[23].

AWK R R ) £ e AR TE PRS2 B PR BRI 1 1) 2R, E AR RIE FE AL S — R B DR T R A
FEM A RASE: 1) WEME, BErEM ML R EE b B A5 99 KA 0 T 8 LU A BEAE B P = A K ) B
JE I HEATE 1 R, EAGTE 1 S PR AR R /N TE [ 18]; 2) FLFHbA, T4 A KE A B i &k S5 AR
L AMNEMEE SR BRG], G AR KB A A RS, HEERE
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RN, SR ERICGEMIGIN[24] [25]; 3) PREEHNERIEF, Gl TR, FE s iR ALY 5%
T, GIKEE R AL TE Y, T GE IR I8 T 2 A1 FH < W B FH RO A 25 2R AT 5% i g K B Y& 12 [19] [26]
WAk, I TR B RS RS Gk FE o AR YA R [27], T BT A8l 380 5 F T o 4 oK fe AL

FEMA[18] [28]0 SR, KT 2 FhIA - SL A7 55 A T XS AE AR KA e S G SRR A5 22 ) S il 0 R 15 31
G 5T

AW TE ) B ARSI TEAS [F PRI R %) 6 i) 46 v i A s 1 AR D oK B R s o 3 TR A8 e TV

WIAEAFI PAADIKRE . BRI pH. EASKM T, S. oneidensis MR-1 & A BEAL TS
PR A P g KB S A A I8 SR I SR 28R o SR B, R R AR BB P A e A B &R, I+
i HL 2 B R AR & A KA B /N FITEAR . B SPSS AT Origin 84  Hricdls, Ak =i b
TETEGUK AL R R AT S5 W TS AR R A RIS R e g oK AR A A I S e e RE R, & S LB )
FRARIE, A RCE AR RHE LB KR -

2. IWMPEHFZE
2.1. SEHHHY

RN (HCOONa). EEMR(HCI). EAMAI(NaOH). FALEI(NaCl). FLERHM(CsHs0sNa) Iy H [E 254 F11k
FRAAERAF . =& LM (CHCL)WE H E i w kAR I AR AW« JIR T (CieHisCIN:S) P4
RN (Nay [PACI4])~ M8 I R BERHEEUIG B EWEBT R T A4 RHS B A PR A\ (N2 (299.999%))
FIE(H2 (99.9%) M H X Tl = TRA R THEA A

2.2. LB 1&5Ea08)&

Hl# 1L 1) LB ks 75, HE N BEARK 10g. BEHERY) Sg. &4b8 10g. A 1 M NaOH
8 I MHCLE™ pH & 7.0~7.2. )5, FEEFRES 2] 100 mL #EBHES, A& EZERKEATE 121CF
KB 15~20 mine K J&, Rifednl £ =i ek 4 CORFF % .

2.3. MR-1 BRI S iEFINE

B AT Shewanella oneidensis MR-1 (ATCC %5 700550) 8 3%, EIFE 100 mL 7 LB K532
A 0.1 ml (IR, JAEEFRAE 30 'C. 150 rpm ¥53% 16 h Ja FAEARIE R 25 T MR-1 Ak
£, HIHL 20 mL (IR, 1E 4000 rpm 2645 N ESC 10 min SRAF B, R A28 7/KIERE 3 Ik, e
KB £ B FKOKEFR A, BRI ANy EETHIE, #iR ODgoo (optical density){H7E 0.6~1
Z [ o il 4 MR-1 B E 4 CUKAR R 7%
24. IEXREEIT

I EA RIS BT, BRICA RIS R T4 A VR A i S S AL TS PR (52 o PR EE R -0 48 - Pd(1D)
WEE . pH. A% DO i PR, A KT R E 3 A KT. Hd, PAADFIKERE N: 50 mg/L,
100mg/L, 200mg/L; pHEZ3 7N 5, 7, 9. DO @M AR . S, HAaa AL, %
AHRE M, FEEARBR I . BRI AR RS, FLRM. 1A Lo 3YHIE
AR, —ILE 9 NRIRAGE 1), BHRE 2 AT,
2.5. XBBRIEDTR

LRI R s A ERHOINA 0.25mL 0.1% 7] K5 (wiw), HEET/KERE 1L, RIEKIERETEN
SHR, AT . BT AL, AEEARIRE, RS RSE R IR 9 E NS S, A 80 mL,
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Table 1. Orthogonal test arrangement

1. ExiRigk

SEaAH FUKE (mg/L) pH HR g

A 50 5 R AR

B 50 7 T FH R4
C 50 9 k=S FLERN
D 100 5 (e FLIRN
E 100 7 A AR

F 100 9 R RN
G 200 5 LR FH R4
H 200 7 R FLIR
I 200 9 (&N AR

E . B, AR 15 min, HENSSH IR R, K 80 mL, . EXSHREL, b
AEVE, AR 15 min, 8GR MAMLANEY, 6/ 100°C~120°C In#4, W 54 iR | % 70°C~80°C,
YERF 30 min, ARG RS, @& EEE T, BEAENE K, TEERSKMF T %, B 80 mL, . 2
J&, FH0.1M K HCI B NaOH £l pH {520 WI7E 5, 7, 9. 52fin, HIEFRFEMN & L K E4 K, 121°C
30 min. AHG, BB FIRRT S,

R 1, A AL B2 i N T AR Nay [PACI4], H T AMAR N B2 B 25 i 724 &
whn, BRI 2 fioRn. ZJEMN 5 mL MR-1 B, 7 %EIEQS8C)IRMIERE20 rpm) ;R .
MR R RO E, A B OTUEN IR TN 2.4 uLTCE (A/F 99.9%, HIBHRAHIKE
330 M), EHIHUE, 2 TCE &iFEfR S5, 15 1h5058 . SCi0ss i G, B 10 mL ik, 75-20°CUkKHH IRA7
DA Ji5 L i R AE 73 AT

Table 2. Electron donor dosage (based on 80 mL)
= 2. BFHIARINEGR 80 mL it H)

L A mol e equivalent/mol W) 5 ) (pumol) I & (mL) PRI W AH 28 5 (mmol/L)
AR 2 801 19.260 (99.99%) 10.643
FH R A 2 801 0.786 (1 M) 9.825
FLEREN 12 134 0.131 (1 M) 1.638

2.6. DIFFE

K A SR A L3 R P B AT 20 A, BTN TCE, & LM (DCE), R LM (VC),
LIGETH), LJE(CoHe)FHKE(CHa) o SAHETECRL 5 6890N (FEERIF(TFENYH IR A F]). BYHEH:
15y RT-QS-BOND /- RESTEK it 2 AL LA R AR, Mg F: K 30 m, AL 530
um, FEJE 20 um, 525 EREE 250°C . SAREAACN Ny, JiEN 86.9 mL/min, HEFEZHEE N 200C, &
TZHRSE RN 240°C, HRATHEFET N: WILHERE N 60°C, fRFF 2min; LA 10°C/min THEE] 100°C, {RFE
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2 min; #¢J5 LA 20°C/min THEZE 210°C, {545 6 min. #EFETZONTFEIEEERE, HEREEN 100 uL. 449494
KAE ) FRAE R 4 B T 8%, L5 HITACHI H 37 S-4800, figi %5 HORIBA EMAX mics2, M54 {X
A5 HIYACHI MC1000, I % ST 184 % 5 Tousimis Autosamdri-815, Series, HNig HEJE 3 KV 8t 5 KV,
SEM s 7 #% 50 nm, JCE KA EDS 43#7 .

3. ZREVL
3.1. EMARRIBOERIER

TEIX PUFRAS [E] K 25 1) = AN FIKER2 0 R, Shewanella oneidensis MR-1 348 Ji& PA(ID) A B AR 06 11 A8 40
AEREwE R, HENE, BRUFLERPCN BT AUMAM LB 1C, [ 1D FIE TH)H R A B ETTE
A, oA R Kb 2R 2H 35 AT 5 3 SR O URLTE

SO PR 3O AR, RO TTIE AR O BN > RN, e B OV RS B, RETTEE
BOE BN TEERES > RS > FEUIRES: B E R PAAD VIR LR, SR AT AL E A 50
mg/L > 100 mg/L > 200 m/L; 52MK 2N pH ER, BEAUEERGEE N 7>9> 5.

A B C D E F G H I

3 - g . | = i SR =
Oh i

B EELEELEN

L6 8
EsElle

Figure 1. Biological nanopalladium synthesis phenomenon. (A) Group A: Hydrogen gas, anoxic conditions, Pd(Il) concentra-
tion 50 mg/L, pH 5; (B) Group B: Sodium formate, microaerophilic conditions, Pd(IT) concentration 50 mg/L, pH 7; (C) Group
C: Sodium lactate, aerobic conditions, Pd(II) concentration 50 mg/L, pH 9; (D) Group D: Sodium lactate, microaeric conditions,
Pd(II) concentration 100 mg/L, pH 5; (E) Group E: Hydrogen gas, aerobic conditions, Pd(II) concentration 100 mg/L, pH 7;
(F) Group F: Sodium formate, anaerobic conditions, Pd(Il) concentration 100 mg/L, pH 9; (G) Group G: Sodium formate,
aerobic, Pd(IT) concentration 200 mg/L, pH 7; (H) Group H: Sodium lactate, anoxic, Pd(II) concentration 200 mg/L, pH 7; (I)
Group I: Hydrogen gas, microaeric, Pd(IT) concentration 200 mg/L, pH 9

L EYMKBERIMKR. (A) ZWRAEA, 85, BE, PAADKRE S0mg/L, pH A 5; (B) LK B, HEEW, #
£, PAIDRE 50 mg/L, pH A 7; (C) LY C, FLERM, BE, PAIDIRE 50 mg/L, pH A 9; (D) KHED,
B4, W&, PAADIKEE 100 mg/L, pH A 5; (B) SBWAE, &5, AR, PIIDKE 100 mg/L, pH K 7; (F) S5
HF, FERM, BRE, PAADKRE 100mg/L, pH A 9; (G) LU G, BEEYW, HE, PAIDIRE 200mg/L, pH A 7;
(H) SK364E H, FLERS, BRE, PA()REE 200mg/L, pH A 7; (1) KA1, S5, WS, PAIRE 200mg/L, pH
A9

AT 4 BEYR AR5, F SEM-EDS J5 6 ZW R T RAC(A 2 F11E 3). B 2 wrgn, XLk
6 NG, A HRIACKER BT HUIR, BN IS), BRIRIAE AT 0.02~0.05 pm Z 8], /DHErRiAE
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£ 0.2 pm 7247 . B 4RI RORL PR A E R AR SR T, BURIAR/N, KZTE Inm Zids, RIMBOHKE. E 490
KA SEIUHREERR, TARE NG —, ZHRBUMERIRERE, FRRAANT 0.01~0.25 um Z [, F 444
KALFRERERIR, BRRAEA T 0.01~0.25 um Z[8]. G AR ZIAN/ IR, A4, ikl
R, RARE/N, T 0.01~0.25 um Z [0 T HYCKALFEFE ZEECK, FEREMS, FAENT 0.01~0.25
um. AR4E H AT EH WIRIE, R BB AR Y IR A R A AR 2BERIR, 5 EL F. G
I HAERPKRHTRIEARFFA[29]-[31], HEME SR E PAID &AM, HIESMHEREE S Bk, AR
AR

Figure 2. SEM images of bio-nano palladium. (A) Group A: Hydrogen gas, anoxic conditions, Pd(II) concentration 50 mg/L,
pH 5; (B) Group B: Sodium formate, microaerophilic conditions, Pd(IT) concentration 50 mg/L, pH 7; (E) Group E: Hydrogen
gas, aerobic conditions, Pd(IT) concentration 100 mg/L, pH 7; (F) Group F: Sodium formate, anaerobic conditions, Pd(II)
concentration 100 mg/L, pH 9; (G) Group G: Sodium formate, aerobic, Pd(Il) concentration 200 mg/L, pH 7; (I) Group I:
Hydrogen gas, microaeric, Pd(I) concentration 200 mg/L, pH 9

& 2. YRR SEM BB THIEIR. (A) SEIE A, &5, S, PJIDKRE 50mg/L, pH A 5; (B) L4 B,
FELH, W&, PAIDRE 50mg/L, pHA 7; (E) LR E, 85, BF, PII)KRE 100mg/L, pH A 7; (F) i
A F, FERW, BRE, PAIDRE 100mg/L, pH A 9; (G) LA G, BB, AE, PAIDKE 200mg/L, pH H 7;
() LA, &5, W&, PAID)KRE 200 mg/L, pHA9

Kl 3 R ARSI & BUAEM AR TR AT 45 R . 1E 6 NI, SEM ReREFEL) 3 keV 4t
B, RIS 45 55 AL IR 3 808 B 4K S RIS M g, 394K 1 Pd IAAE. Hor, G4
(1) Pd VM A% =, T B ZH A Pd WE(E SR DAWHERMA, PAADKE . HTAHMASRAL. pH. DO VUFHIREE
R F 35 2> FEAN R FEFE b S mi A i K AR 4 B [32] [33], T 1 2 18] 3 f s S it ax 4 R F-2E AN [R) 7K
AR R A R I 2 T, 5 OE MRS s — 5.

3.2. EHIKIE S RAIE S

ARSI KW S. oneidensis MR-1 BAT HUENE, TEREFAM T, FEMRBILIMIEEN ¢ ZUGH M 20
Y1 PN 0 22 R LB R T Ak & 8 I8 R [23] [34], ¥ PAADEEAL R GIKAE . & KA i FE 2 B4R TR
Bbs AEMEIE. HMEAIEE 3 N (A 4). 1%, PAD) TANMIEE & AE AR, ZidfEd, PAIE
TR EREAE . YRR R N AR T AN R II[35]. B, ANAEE LAY - BUAN i R [36] [37)TE AL
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ML TlIE, WAt ol SR AL A G s s ey Bl PA(ID). f%J5, PA(INFE B LA R FE
I A KA R (PA(0)) . A IRIER I, 76 RIS REA, AU A A AL B AT BT AR 2 3 A g K AR K
AN AT RNE R I R — B R [37]-[40]

WEEEHE 12706 cts 4 0.000
P}

2 4 5 8 10 12 14 15 18 20 i 4 g 8 10 12 14 16 18 20
FEEETE 12230 ofs ¥4 0.000 ke AR 13881 cts 34T 0.000 ke

Figure 3. SEM energy dispersive spectroscopy of bio-nanopalladium. (A) Group A: Hydrogen gas, anoxic conditions, Pd(Il)
concentration 50 mg/L, pH 5; (B) Group B: Sodium formate, microaerophilic conditions, Pd(II) concentration 50 mg/L, pH 7;
(E) Group E: Hydrogen gas, aerobic conditions, Pd(II) concentration 100 mg/L, pH 7; (F) Group F: Sodium formate, anaerobic
conditions, Pd(IT) concentration 100 mg/L, pH 9; (G) Group G: Sodium formate, aerobic, Pd(II) concentration 200 mg/L, pH
7; (1) Group I: Hydrogen gas, microaeric, Pd(Il) concentration 200 mg/L, pH 9

B 3. SRR SEM BEIE. (A) SKIu4A A, &K, BE, PAIDRE S0mg/L, pH A 5; (B) SKLufl B, HELHA,
&, PAID)KRE S0mg/L, pH A 7; (E) XWHE, &5, AR, PAIDRE 100 mg/L, pH A 7; (F) LA F, B
R, B, PA(IDIKE 100 mg/L, pH A 9; (G) SEI4E G, BERM, BE, PIIDIKRE 200 mg/L, pH A 7; () =
L1, 85, W&, PIIDKRE 200 mg/L, pH 99

3.3. FRIERMARIBEEILFEE R

FETP AR RN FLEREN Y T AR i se i 2 v, DLALRRANON BT (AR 4L & v oR 2B B TR
R (A4 O S TR RN 1 SR IR 2H Hh A R BORL R AR B P AR R T A R SR IR BRI A )
BIEIN 2.4 uL 1) TCE, 3@~ il OE I € SE32H rh TCE MIREFEE L, Ao HrdE BORLXT TCE 215
Al

DU Foft R 3R 0 = 7P 1 A B R R RORE ) HE AR TG PR A B 4 P 2 f (RO FRIR BT, BT A B 48
BRI ERREFEME TCE. il THMACHE AN, BRT C RFLACGRAT N4, 100 mg/L PA(), &<, pH {H
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Figure 4. Schematic diagram illustrating the conversion process of palladium from its initial free state to nanopalladium via S.
oneidensis MR-1, inspired by [23]
4. $Bi@33 S. oneidensis MR-1 BRI IR B ASEN AMAKEEIERIER, 12§[23]F=. REH

(a) TCE (b) Ethane
= ro-3B E - 4 ] 250 [m—A-@-B E F—9 <1
500
\
f——1 & 200 |
S400 | / \ N =
= = 150 -
-2 300 S
£ £
= =
5] o 100
S 200 2
o o}
O O
100 50
[
0 0 1 1 1 1 |
0 20 40 60 80 100 0 20 40 60 80 100
Time(h) Time(h)

Figure 5. Concentration changes of TCE and ethane over 100 hours, with error bars indicating standard deviation. (a) shows
TCE changes, (b) shows ethane changes. Experimental group setup: (A) Group A: Hydrogen gas, anoxic conditions, Pd(II)
concentration 50 mg/L, pH 5; (B) Group B: Sodium formate, microaerophilic conditions, Pd(II) concentration 50 mg/L, pH 7;
(E) Group E: Hydrogen gas, aerobic conditions, Pd(II) concentration 100 mg/L, pH 7; (F) Group F: Sodium formate, anaerobic
conditions, Pd(IT) concentration 100 mg/L, pH 9; (G) Group G: Sodium formate, aerobic, Pd(II) concentration 200 mg/L, pH
7; (I) Group I: Hydrogen gas, microaeric, Pd(II) concentration 200 mg/L, pH 9

[ 5. TCE MZIRFE 100 h REGREEL, RELRTIWEE, () &7 TCEWEL, (b) RRIKEHENL. LHHE
WE: A, 85, B, PII)RE S0mg/L, pH A 5; BH, BEMH, ME, PII)KRE S0mg/L, pH A 7; E 4,
S5, BF, PAI)KE 100 mg/L, pH 2 7; F4A, PRI, BE, PAIDKRE 100 mgL, pH K 9; G4, FBERM,
FE, PAID)KRE 200 mg/L, pH A 7; 140, S5, WE, PII)KE 200 mg/L, pH A9

N T), oAb TR AR R B BURE # AT AR TCE IRE T .
H1 &) 5(a) MTA] 5(b) 735U AT A1 TCE BEMEAT Z e 2L BRI DL, BI 2 AAREL T it S R S S T 4 S [
R . AT, E 4 TCE RAA B W ARA L e, HEM AL BT LA AR #E(EX T TCE i
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AR A REEAENE . AR RSN S drh, T4 RMNER, TCE MREm, HIXKZ G 4/
F 20, fbn 40 PA(QD)A R, TCE el e, HERS FRNTEIE N 7 HHE G giK B 3
REX TCE WS Il =i &t . 5 Wim De Windt BB UEA KA A USRS AT B2 A HE 7 A4 AH O
[A1FIEE RARFF— 50 A ZHAE 5 NS AL B2 v e 00 H AR O 1 1) ot ST 3, [ BN S 82 44 7 ) 2 06 IR AE
A K TCE WIGAF=PIr) 1/3, HENVEMRE pH WIFh 7ol BEXT 53 R R 7= A2 7 5ema, ki sem 7 A2l
HHRAR AL TS

DL TCE W& S B8 HON AR/, BL PA(DIRE . pH NRAR &, WARA DO HL AR ALN
e, KA —BEHERR SRR RSN, tFE RN, 8585 3 PR,

Table 3. General linear model single-factor analysis of subject-interaction effects (including sodium lactate)

3. —REMREBRRDERERN (B S FLERMN)

[R5 & RIER F B3 (P) i Eta “F-J7 (%)
4 DO 2.367 0.140ms 0.301
IR N pi 22.729 0.000*** 0.805
R k
PA(IT)ik & 2.877 0.1180s 0.207
pH 0.046 0.834ns 0.004

#: ns /R P>0.05, "R/RP<0.05, "FRP<0.01, ™FERP<0.001.

ERVF RS A T RS W Bta ~PU7E R, BT TR ALRRE 1 80.5% 1 S N R AL
ZETte GRAIZLAIREM B T AUA S N FLIR N, W] DAHEWTIL RN E S L AR, S, oneidensis MR-1 A
AERF PAADF A NGUREL . 8 1 ORIIEJE S8R o SRS i e, KX = 215508 7 DG B, XA 6 A1E0gR
P R MR R AR R AT, FEOT TSRS RNk 4.

Table 4. General linear model single-factor analysis of subject-interaction effects (excluding sodium lactate)

4. —RREMRE B R R DT E KB (HEFRFLER$H)

[X45 B AT F B3 (P) W Eta “FJ7 (%)
B#4E DO 26.127 0.001*** 0.897
R e gt 46.441 0.000*** 0.886
SN R H B k
PA(IT)iK 35.149 0.001"** 0.854
pH 13.913 0.010™ 0.699

#: "SRR P<0.05, "HRRP<0.01, "HRRP<0.001.

SR AR k(B TS AR AR, tRE IR R A KA & IR ROR .
TG RAFE, VA, BT IMASRAL, PAADIKEE . pH ) FAEIRT 1, SEIQZN ZRBOV L, B9
AFEERA TR PAADIREZ . pH X AEMPURE & RIS BA BE W BEMERTET, B
AT P AL/ T 0.05, HELERA . BT IMARSRAEL, PAADIREL . pH B0 & AP AR BRI 5 3
e, ARYEMW Eta 77, 43 BANR] 708 Be Mk 5 4 K2 S (R MRRE 0 J N7k = 502 S A AR 0 E A
REVMRIN: E#EA DO, BT, PAIDKEE, pH.
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Figure 6. Heatmap of correlation analysis among different environmental factors
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