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Correlation analysis between intrinsic properties of metals with soil ecological receptor toxicity criteria
(SERTC) using the QICAR model

MENG Xiao—qi, LI Jin—ping, MA Hong, WANG Xue-dong’

(College of Resource Environment and Tourism, Capital Normal University, Beijing 100048, China)

Abstract: Soil metal pollution poses direct and indirect risks to terrestrial organisms and human health; therefore, evaluating metal toxicity
on organisms in the environment is critical. Many countries have published toxicity standards for protecting terrestrial organisms and
human health. However, few studies have focused on the mechanism of metal toxicity, especially the relationships between the intrinsic
properties of metal ions and metal toxicity. In the present study, the soil ecological receptor toxicity criteria (SERTC) recommended by the
United States Department of Energy Oak Ridge Laboratory was assessed, and the relationships between metal ionic characteristics and
metal toxicity were investicated. The results showed that more characteristics were significantly correlated with metal toxicity with
classification of metal ions based on hard and soft acids. AR/AW, Z/r, 1g(=Bn), Z/AR’, and AE, exhibited a strong association with hard
ions, whereas X.r and ap showed the best fits for soft ions, suggesting that ionic and covalent bonding played an important role in the
toxicity of hard and soft ions, respectively. A set of quantitative ion character—activity relationships (QICAR) model were then developed
based on these related metal ionic characters. In conclusion, the QICAR model better revealed the relationships between the intrinsic
properties of metals and their toxicity, and it would be useful to compensate the lack of other metals with unknown toxicity and to provide a
basis for establishing soil standards.

Keywords: quantitative ion character—activity relationship (QICAR) model; metals; criteria; hard and soft acids and bases (HSAB); soil

organism
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il 2 1 Tl Ak R i Ak AR e, R 2 e
IR &R IR R B ST R E R R, S 80K &
SIEITERRN R HERE RGP, SRS EN
Tt i3 T REXT = HEPRBE o i A 7 A B TR I, - RE
T e B L B A T O A (e B XU
UG, PR R3S B A R AR R 4 S U
e EERS, HAT, &%+ e 4w V5 Y & A
ORI [ N AR T S T R F Y, A S SE ity b ST
T TS e A 25 KBS S v bR o . T AR, SEE B
TS ARG U S5 2= A X6 ¥ Y - 39 11 DA S5 AH 5 [a] 8
80T KR S AR e T A A A IR R S
#E(SERTC) , HAF2 7Tz W H i L 50 = 5 XA
] A S AR E T 10 Fh & @ u R A S ik 2
#E SR AR AR I & @A RAR 2 54 50 R Fh 4 s
W ARMIAT A A S dE S . (HRA X S 4R I
A BRI T K R A, SRR
N1 W 1R g, IF ARG 2R 2R A ik &
4 I8 DT A5 ME LAER 2 Al , DRt 2248 4 T
L& RA B REZ A R F R — RSO T 3
SR 1 4 T T vk AR O

E AL R (QSARs) & 48 4 1 R AEA ML G
Y15 F 45 F 5 TGP 22 ) A B2 A A A 7 3 1ok
PRSI MG o B T HAR S & 00y Ok ar
A HLY R AR 5 5 A W T 2 (DO 2R, AT 512
PR A AL A W A 00 PR T A DT BE . QSARs 18 &
N AN R, TR S -G R
(QICAR) B AU J& QSARs F Y (1) & R I 252, SRR
T R E T 5 HAYEEZ X R, H
BB BT 0 FH 4% Rl AE 2B, Walker 559004
QICAR B MEAT T K IE , 45 5 ke B4 J& 1 Py
{2250 S80S Hog v 2 [ S AP A Rl oG R R
XA 22 0] AT 45 & 2 F A A1 s Khangarot 25
SE 23 Tl 4z g B 7 X R AL B BTG shAm VR L 45 R &
AL P (X)) FER I 8 (op) 54 R B Pt A 1R
T B AR M 5 A SR, Wu 250201 Chen 2510 QSAR
BRI AN GRS A AR S G, T T — R ANIR K
Kot AR AR ) 4 SR K R SRR B, i Hoth 4 TR
KBS MERL T HE M S H M. MEHW,.CfH
30 TN 4xJE B T IR S BRI RAE T 4 )8
BT KA RS RS B R LR AR AR
7, QICAR 12 BY GB K el /D K it 4 s w3 FR i, S ifl
E & B A AR IR S 2 R M . SR, thF 3 h 4
JE BRI I, e F 438 Wy ag kR v i
— 1002 —

S AR B G, QICAR ALY Y F -3 i iy
A5 s e L A3

5 ] RE WA BT RGBS 6 2 il R 1) - M AR 2N 2 AR
B S P A 3k A AT 995 e A 2N XU
PRAGARIE , AR FEREHE 1 5% [ RE VRS IV S 6 2 il
JE WY 3 A AT AR I S v U R IR R R e T
FHESH LA A 2 AR R PE RE R 2 (] (Y 5 2R L 1
LAl B A QICAR PR | LU A R A B A 3
JEFEENLIE 5 LA S B R R RRE S

1 #R5EFE

1.1 TESESHEE

- B RE I L R ok S5 [ RR TR AR A 0 S 5
Z i B AR S A R R R P A T 108
SR AT MEE, BV (Co) A (Cu) 5 (Ph) R
(Ni) JB¥(Zn) V5 (Cr) Vi (Mn) (ifi (As) (# (Cd) oK
(Hg), AiX 10 Fh @ @ AR A AEATT R, B Fl 645 -
TSR S (M is]) | SR (GRS )
DA YTE T A R b ) & B W R RN LAY
P A HE Y 4 8 S ETR B i R () 7 A
W Y (R 3R 12 10Fh 48 iy LBk
S4Bk
1.2 S5HHIR 5

JGE S5 HE AT DL i) B 25 0 S BOR A L il an
FKMSEL GRS E RN S ST RS S
AR 2= S50 R QICAR # 7 Z5 1 S 5L
ARG VEZ R AL T AR A5 A KOs T
I AR i At X ok Sz i) o 45 4y 1) 50+

®1 EEREDEMIEIHREFEN T IRESSTHSHEL
(SERTC) (mg-kg™)
Table 1 Soil metal toxicity concentration in SERTC(mg-kg™)

BRCE  REEED yeg ) R Plant
fifi (As) 100 60 10 0.001
fR(Cd) 20 20 4 0.1
f&(Cr) 10 0.4 1 0.05
i (Co) 1000 — 20 0.06
i (Cu) 100 50 100 0.06
% (Pb) 900 500 50 0.02
%8 (Mn) 100 — 500 4
K (Hg) 30 0.1 0.3 0.05
B (NY) 20 200 30 0.5
B (Zn) 100 200 50 0.4

http://www.aed.org.cn
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RPN EER RS . AP kS 48 A S
RN AT I ) S5 KL 5 R A 37 QICAR #2841 35 25
FIEERF IR AT , 23 0 A FEAE TLAaT 44 0 4 J5F- R B AN
JE T2 42 AR 242 CR VB 4% r IR T 5
AW HL T3 AR/AW!S R AR SRR 2 T 00 S
MP i 53 BP 300 K B (/) %5 B2 D, AR 4 J8 25 25
PRI BT A Z A AR LA AR, R BS 3IP
HL B3R 22 AIP 5T HL B B AN/AIP B S PE X, L
B X r WAL T BB ZIr 217 22 ) Ak 135
(ZIAR . ZIAR?) Fe KIC G Wte e W 8 g (=)™, &
TIESE AR 55— K 8 80 | 1g(—Kow) | BTG B op
B A KL 2/, R 29E 10 FhoT F 1Y 25 Fh
Yy BRAL A S5 R SR
1.3 EEBFHIUE-EEXR(QICAR) BRI WET X
W 25 H a8 B T A AR AT 5 10 Fh LA 58
PSR PEAT B IR AR A M b, 15 B A S R 8 (r)
R VA (PS5 . TEGE T, P<O.1 I R

AN SO DG B B AL 5t 2 80 (P<0.1) 1N i
PEEEH AR T, U LSS MR AR AT B 78 6, 1 ik
ARV Ay PR AR B 3 dok B2 5 A o] O ) 5 i m
SEMEE S NAEVEBT Z M YOG R o Pearson SFP042 HY Bk
T 5 7o 2H ) SR AR PR B B SR A AR R
itk — R 4 JE AR BT S R E LR, B T
Pearson %1% 3 hifi /1% B8 B & (HSAB) 4 45 )& B T 47
MR R ETMERET. AT R
Co.Cu.Pb Ni .Zn A1 L8 F; Cr Mn NAf 5 F 5 As |
Cd Hg WA T T8 IS B A
BA G2 R 1P XA T3 & 12
(], PRI AS IR0 0t 5 03 ) 5 i s A L N
[ R =0 s s Bk 2 R VA =S RS VA =S R L)
T RGN B T T R E 0 BIIR R B T
WAESS I S50 HAgE BB R DG 2R o

Ry it — R AR A JE AN R B M T S B B v
PIVE R, FE LR AT kb sy T A8 4ot

R2 0TS ETEW 25BN FEEHSHE

Table 2 25 physicochemical properties structural parameters of 10 metals

Struij?eﬁfﬁpmr Cd Pb Cu Ni As Zn Co Mn Cr Hg
AN 48.00 82.00 29.00 28.00 33.00 30.00 27.00 25.00 24.00 80.00
AW 112.40 207.20 63.60 58.70 74.90 65.40 58.90 54.90 52.00 200.60
AR 1.71 1.81 1.57 1.62 1.33 1.53 1.67 1.79 1.85 1.76
CR 1.48 1.47 1.17 1.15 1.20 1.25 1.18 1.17 1.18 1.49

r 0.97 1.19 0.73 0.69 0.58 0.74 0.75 0.46 0.52 1.02
MP 321.20 327.50 1 084.60 1455.00 814.00 419.70 1495.00 1 246.00 1 907.00 -38.70
D 8.65 11.35 8.96 8.91 5.75 7.13 8.90 7.30 7.15 13.60
BP 767.00 1749.00 2562.00 2913.00 615.00 907.00 2927.00 2061.00  2672.00 357.00
AIP(eV) 791 7.61 12.56 10.52 12.50 8.57 9.20 8.21 14.47 8.32
AE(V) 0.40 0.13 0.16 0.23 0.71 0.76 0.28 1.03 0.41 0.91
X 1.69 1.80 1.90 1.91 2.18 1.65 1.88 1.55 1.66 2.00
[ 1g(~Kow) | 10.08 7.70 8.00 9.86 2.20 8.96 9.65 10.60 4.00 3.40
Xar 2.77 6.46 2.64 2.52 2.19 2.02 2.65 1.11 1.71 4.08
AN/IAIP 6.07 10.78 2.31 2.66 2.64 3.50 2.93 3.05 1.66 9.62
op 0.08 0.13 0.10 0.13 0.11 0.12 0.13 0.13 0.11 0.07
IP(eV) 16.90 15.03 20.30 18.16 62.23 17.96 17.08 15.64 30.96 18.76
ARIAW 0.02 0.01 0.03 0.03 0.02 0.02 0.03 0.03 0.04 0.01
Z 2.00 2.00 2.00 2.00 5.00 2.00 2.00 2.00 3.00 2.00
ZIr 4.12 3.36 5.48 5.80 43.10 5.41 5.37 8.70 14.52 3.92
Vs 2.13 1.41 3.75 4.20 14.90 3.65 3.60 9.45 7.80 1.92
Zlr 2.06 1.68 2.74 2.90 8.62 2.70 2.68 4.35 4.84 1.96
ZIAR? 0.68 0.62 0.81 0.76 2.83 0.85 0.72 0.62 0.88 0.65
ZIAR 1.17 1.11 1.27 1.24 3.76 1.31 1.20 1.12 1.62 1.14
ZIrX 1.09 0.72 1.21 1.61 4.99 1.69 1.41 2.72 3.02 1.03
lg(—Bn) 18.78 18.30 18.50 11.33 19.30 16.40 10.20 14.20 11.20 21.70
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WU R, fEA L2708 i QICAR B A, B s6 4 g
B TRESE P A e R 1 HA A S8, 1R
MESEAT B 5387 . 325 3 B (PCA) J2& — Fii 3 148
S 2 (AU DG B TR 46 vk s 248 b Il B 1k Ry
B LA AR AR SR AR T M 2 ou s b k.
A SR F PCA X AEAEAH A 1) S B TR 2, Uk
D ZHRIRI F AR DCE R B, PAR MR A e R . S
TG P E ZEU(RY) 5 MR 22 (RMSE) \F 48
s KR AR e 5 2 AR MM QICAR T BT HE
B, e AT RN RRAS AT Hh S 4 B8 T INFEME I S L
BEPEILME(E Z ] R 1 QICAR 57,
1.4 BW/EITESHHIE

R FAE R 01 U 2 2 M AL A RO AG 56, v
[l 1 5 A d 2 1 G B 3 25 4 BT (ANOVA) Fl 7
A5 R R 0 F B R PAE 5 300G 5RO B A
Wi, A GE T AP 4% - AL 5 AP sE R 8 38 R
W22, A IG5 A 242K FH SPSS 24.0 3.

2 ZER5WR

2.1 EFSERTCHIEE€ BB FHIQICARERY

XA 48 B (n=10) B 42 )8 # PE R E(E 5 25
Tl 4 J8 BRA A ST S BOIA T B2 IR ARAH OG0T, 45 51 W3
3. M3, 3 NS E(AE, X2r.op) 5 134 55
PEIEE( R B LRk 56 2, Hodh op MR SR SR i (RP=
0.440, F=6.51, P<0.1) , {H A& RO A A%, 1d B
N e R B T 5SS MR RUR
75, Chen 5T R, FES 7 RS B T 1 A 5 5
PERLMEAE 5 25 F S 500 C R A 223K, BRI [ 78

4 JE B T A B g IR AR . ST il At
FEIEF A N B i BRAR M A ST T I BT
NRE T+ T LN R T+ TS S8
AR Z A KR
22 EFiAREFHQICARES

P (358 ) A 3R W i dE M L R S 25 Fh
SEM SRR M 45 3 T2 QICAR RN 4 Fios . i
Tz 051 9 3 B T REAR RN T S (n<S) AN HAT et
TS, R AR AT i 1 7 R v 15 4 254 S 5 R 1Y
KR, HFRAFI 3T S E op lg(-Bn) 2 Z/AR
Ha Bt R E D E MG, ZAR S T RUEYI
BEME L UEMY RN 0.551 (F=5.90, P<0.1) ; X[ 44 ( +
BOWIF ,op Mlg(-Bn) HiptE EUEE B EAHE R4
5124 0.800( F=17.0, P<0.05) f10.544( F=5.77,P<0.1) .
Chen ZFWFFEIA N AR ME U i —Fh 8549 S50 3R
TEARTRIPE G 4 )8 . R, AR 98 2 T (L3 Y
B FEAE(E A5 3 £ 728 B QICAR J5 2, HifPl &%k S e
U, R 53k 0.943 (F=34.0, P<0.05) , ¢ B 5 11 L v
5 op Mlg(-Bn) AL FR.

HARE (op) WL T AR 4 Ja 2 7k 45 Fi T 1Y g
J1, — W 5 R TR R T FAR 1 45 5 58 11 R SSN>
0%, op 54 Ja 5 P JE v (E AH OC W] g2 R o BE se 3k
B UE AR P R N B8 S S P o0 B B SE (-SH)
FHEE A, B YRR, T 5 | A= 9 7 A s K
IW.o Chen ZE"IFEFSY 45 J8 251X KA A W) America-
mysis bahia B2 PEREPERT 2 B T 2RI LR, B
Gk B g (Bn) T &R E T H5FE T (CN) |
4 eV PR (EDTA ) et 5 25+ (SCN-) JE Bl i

F3 TREUMERESERTC H 10 M & BB FHEFEMN L E TR

Table 3 Linear regression models of physicochemical properties and soil ecological receptor toxicity criteria(SERTC) for 10 metal ions

YIFh Species 21 J7 i Linear equation R RMSE F P
T (- HE ) SERTC=-0.553+2.146AE, 0.235 1.1 3.77 0.088
iz 45 SERTC=-431.265+5 315.09207p 0.440 127.7 6.51 0.043
SERTC=-109.475+78.204X:r 0.423 129.6 6.13 0.048
+HEHEY SERTC=-142.922+137.898X:r 0.218 330.7 3.52 0.098
SERTC=-729.476+8 875.0110p 0.195 335.6 3.18 0.112

F4 TREUMERES SERTC PR B FHREFENELERFRE (n=5)

Table 4 Linear regression model of physicochemical properties and recommended values of boundary ions in SERTC (n=5)

PyFh Species J¥5 Serial number 26k )5 72 Linear equation R RMSE F P
i (+3%) 1 SERTC=313.06-2 152.698ap 0.800 13.8 17.00 0.026
2 SERTC=-45.217+6.3711g(~Bn) 0.544 20.8 5.77 0.096
3 SERTC=194.48-1 589.60p+3.331g(~-Bn) 0.943 7.4 34.00 0.029
I 4 SERTC=3 618.129-4 235.653Z/AR* 0.551 314.2 5.90 0.093
— 1004 — http://www.aed.org.cn
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YRR AR, RS R & T 5 5 5 A0
ot 1), FE 5 - B W 1 4 i e M R ME (LA G, SR A
BRI EREH T RN & @ X E Y B RE. Wu
SFFSE K B 1g(—Bn) 5 Arthropoda i) 4 J& B P B A
3 A O, I A 1g (=Bn ) THEASR T 1 A 2R
M4 J8m X Arthropoda B FE BN o AS B 5215 fiE
B 5 by e S AT ) () A R A M R & B
T BT 5 s M R V(B 22 0] OC R 1 QICAR #5258 73
BRI R FEA(FK4).
23 BEFihRBEF+HEEFHQICAREE

A A Y D AR 0 B M
1B 55 25 B 45 16 2 B0 AH 3G 3 B 45 2R B A% ik 2 Pk
QICAR WL 5. 45 R LI, AN/AIP SHa4y ( +3)
() 25 S HE LA RO B B, R 0.860(F=25.7, P<
0.05) 3 AE, 5548 4 (75 W ) 1 56 {8 18] 7 4006 2R B
I, R*=0.587(F=9.52, P<0.05) ; % i 15 k3., Z/AR 5
o4 JE #E e SRR A A OCPE i B3, R 0.768 (F=
14.2,P<0.05) ; HIEREYI A SLHEME S5 ARIAW HA 48
U ZRYER O , R?=0.653(F=8.53,P<0.1) , W A A iy
+ e A W 5 H 56 1 4 B 45 H 2 B B ML AT e
AN

JEF L B 3 (ANJAIP) FAE T 4 @ B F I8 i34
SRR T B TSR e R, b ALP B T LY
A AL AT R 4 IR B T LA RE e T AN R
st S ECE WA M7 . Chen 55 IEDF 5 42
i 5 - Xl e A W e I I st & BT R 4 JE T
() AN/AIP 5 A 1) W [ 6 0 1) B A J 38 A DG 1% o
Wang 2521 Zamil %248 & B ARIAW AE, ZIAR* %55
BCG IR % Z BR v FEHE R (CMCs ) S A= 1)
W B RE I AFAEERPEAR O

5 il BB F 1% QICAR R R, AWF I 7
T A A i R R T 2 A A
HE. R KEI,AN AW CR - Xir AN/AIP \ZIAR*Z.
[ AFAE 3 — 5 1) A AR ARIAW  ZIr*  ZIr I AIP 22
[t A7 AE B AH G, B TS 80 A O R B K F
0.85,AN 5 AW Z [B] i AH G M #L 2 3K 1) T 0.999 , fifi 25
TSHOWE B —E T P AT ES, FIk, ok
FH TR0 T 7 B 1 B 5+ 2 B0 2 18] B A e v
4 ARAF I HERR I IR R, R T4 AR 3k 6.
SR TG 2278 8y R X i 5] 2k R v A 0L
R AR, Ho ANIAIP 5 AP 415 M et B 3,
R* 7535 0.960(F=96.5, P<0.01) . 5 Wu ZE2IfJF 57 45 5

®5 TREBUMRESERTCHARE F+HES FHREFENEEDTGIE(=7)

Table 5 Linear regression model of physicochemical properties and recommended values of

boundary ions+hard ions in SERTC(n=7)

YIFl Species J¥+*5 Serial number LR EJ5FE Linear equation R RMSE F P
T (L3R W) 1 SERTC=-0.758+3.465AE, 0.587 0.9 9.52 0.027
2 SERTC=-1.11+0.38Z/r 0.431 1.1 5.54 0.065
3 SERTC=-1.151+0.164Z/r+2.533AE, 0.559 1.0 4.80 0.086
ey (1-358) 4 SERTC=-57.158+383.703AF, 0.461 129.2 6.13 0.056
5 SERTC=-15.717+49.222AN/AIP 0.860 72.8 2570 0015
6 SERTC=-378.9+735.098r 0.842 77.4 2230 0018
7 SERTC=-92.272+7.315AN 0.783 90.8 1540 0.029
iz 35 8 SERTC=1 532.541-1 713.634ZIAR* 0.768 93.9 1420 0.033
9 SERTC=-48.796+2.673AW 0.762 95.0 13.80  0.034
10 SERTC=-87.77+90.564X:r 0.743 98.8 1260  0.038
11 SERTC=-1450.354+1 318.677CR 0.728 101.6 1170 0.042
12 SERTC=851.562-61.556AIP 0.724 102.4 11.50  0.043
TR 13 SERTC=564.78—14 988AR/IAW 0.653 114.8 8.53 0.062
14 SERTC=482.01-70.14Z/r 0.584 125.6 6.62 0.082
15 SERTC=597.633-137.131ZIr 0.540 132.1 5.70 0.097
16 SERTC=-57.158+383.703AK, 0.461 129.2 6.13 0.056
17 SERTC=-1349.895+196.838D 0.387 334.1 479 0.088
18 SERTC=-568.598+1 237.475r 0.356 342.5 431 0.092
19 SERTC=-123.351+165.67X2r 0.348 344.7 4.20 0.096
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Zafl, R BLANIAIP 5 HA B 7 S5 A i) 248
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Table 6 Linear regression model of physicochemical properties and recommended values of boundary ions+hard ions

in SERTC based on principal component analysis

[m] )y 7

Regression model

R RMSE F P

FF5 Fy e N
Serial number Principal components Contribution rate/%
20 X7=-0.707AN/AIP+0.707AIP 87
21 X15=—0.708X:r+0.708 AIP 82
22 X1o=0.708AN/AIP-0.708Z/r 86
23 X15=0.707AN/AIP-0.707Z1r* 88
24 X:=-0.707AN+0.707AIP 84
25 X2=0.707ZIAR*+0.70TARIAW 88
26 X,=0.707AN-0.707Z/r* 87
27 Xi=—=0.707X:r+0.707 ZIr 87
28 X5=0.707AN-0.707Z/r 85
29 Xs=0.707AW-0.707AIP 83
30 X.:=0.708X:r—0.708Z/r* 88
31 Xi==0.707AN+0.707AR/AW 90
32 Xs=0.707AW-0.707Z/r* 86
33 X:==0.707AW+0.707ZIr 85
34 Xs=-0.707AW+0.707AR/AW 90
35 X1,==0.707CR+0.707TAR/IAW 91
36 Xo==0.707CR+0.707AIP 86
37 X2=0.707Z/AR*+0.707AIP 84
38 X15=0.707X;7—0.707AR/IAW 90
39 X,0=0.707CR-0.707Z/1* 84
40 X1,=0.707CR-0.707ZIr 82
41 X2=0.707Z/AR*+0.707 ZIr* 90
42 X2=0.707Z/AR*+0.707 Z/r 84
43 X24=0.586X,r+0.577r+0.569D 95

SERTC=394.896-44.134X,, 0.960 39.1 96.50  0.002
SERTC=529.468-62.449X; 0.951 43.0 79.30  0.003
SERTC=141.262+56.985X,, 0.903 60.8 38.10  0.009
SERTC=189.425+46.293X s 0.889 64.9 33.10 0.010

SERTC=-3.562-9.833X, 0.847 76.3 23.10 0.027
SERTC=1 509.298-2 303.6X>, 0.817 83.3 18.90 0.022
SERTC=-48.265+9.789X, 0.813 84.2 18.40 0.023
SERTC=183.947-88.518Xs 0.809 85.2 17.90 0.024
SERTC=-64.15+10.093X; 0.801 87.0 17.10  0.026
SERTC=-16.742+3.721X; 0.790 89.2 16.10  0.028

SERTC=239.093+63.395X . 0.787 89.9 15.80 0.029
SERTC=-91.994-10.343X, 0.783 90.8 15.40  0.029

SERTC=-33.442+3.711X; 0.776 92.1 1490 0.031
SERTC=-38.934-3.749X; 0.770 93.4 14.40  0.032
SERTC=-48.7-3.78Xs 0.762 95.0 13.80 0.034

SERTC=-1321.4-1755.2X,, 0.755 96.5 13.30  0.036
SERTC=762.486—-85.206X, 0.750 97.4 13.00 0.037

SERTC=890.693-85.947X,, 0.749 97.6 12.90 0.037
SERTC=-84.788+127.72Xs 0.746 98.2 12.70  0.038
SERTC=390.973+97.378X, 0.623 120.0 7.60  0.070
SERTC=420.115+188.292X, 0.622  120.0 7.58  0.071

SERTC=529.06-96.939X, 0.607  122.2 7.17  0.075

SERTC=683.707-185.889X» 0.587 125.1 6.70  0.081
SERTC=-706.616+150.709X,, 0.387 3342 4.78  0.080

T X0~ Xos g I8 PR 2 0 BT 2R, X AR 08 2 20 7 i 2R

Notes: Xi~Xas is the result of principal component analysis of earthworm ,and X2 is the result of principal component analysis of microorganisms.

®7 TEMELMERS SERTC IR B F+RE FHEFENZEEFEE (n=8)

Table 7 Linear regression models of physicochemical properties and recommended values

of boundary ions+soft ions in SERTC (n=8)

Yy Species J¥5 Serial number 2k )7 2 Linear equation R? RMSE F P
e 15 1 SERTC=-432.127+5 532.0480p 0.540 119.0 8.05 0.036
2 SERTC=-98.088+75.74X;r 0.351 141.5 4.24 0.095
3 SERTC=-597.085 6+5 050.3230p+66.523X,r 0.949 39.5 57.2 0.001
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