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Prediction and assessment of water quality in pit lake
based on improved PSO-ELM
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Abstract: The tailing water generated by the mining industry has a high concentration of metal ions and sul-
fate, as well as the risk of acidification. The prediction and assessment of tailing water quality is beneficial to
guaranteeing the recycling and sustainable development of tailing water resources. In this paper, the linear
raw data are transformed into the input matrix of the model by sliding window processing, and the extreme
learning machine(ELLM) is improved by using the particle swarm optimization(PSQO) algorithm to propose a
water quality prediction model based on PSO-ELLM. Different network models were used to predict the water
quality parameters of a pit lake in a mining area in Ma’anshan City, Anhui Province. The results show that
the improved PSO-ELLM has higher prediction accuracy compared with back propagation(BP) neural network
and traditional ELM, with 82% fitting degree and only 0. 04 mean square error, and has faster calculation and
convergence speed. The training set data was combined with the predicted data, and the Spearman’s rank cor-
relation coefficient method was used to evaluate the stability of water quality. The results show that the pH
value and the content of major inorganic salt ions are stable, without obvious change trend, which meet the
ecological and production needs,

Key words: water quality monitoring; sliding window; particle swarm optimization (PSO); extreme

learning machine(ELM) ; water quality assessment

75 B #5:2023-03-03 ; & @ H #A: 2023-03-28
BESTH: HEARR SIS 4RI H (ULI9A20108) s 24444 T S 5 & +HRI% B H (2022107020015)
TEHE RN A FHIE1998—), B LA TN AR Tk K22 AR

T Q978 L LR T A Tl K2Rz A S0

IR (1980—) , W3 IR B IR 1 L A AR Dl K30 8 1A 50 Ll (5 /E % » E-mail : zbyue@hfut. edu. cn.



146 ARe Tk K AR AAF R

748 %

Bl 7 RIS BT TR s ol ™ A R
RS Tk Y K B 7K AN BT i 1E A%
PRI Sy A R AL EE K,
g RIFRIE BB GBS s /K T2 SR
PG AIA . SR XA R 7K & B m ik
] A A S 1 IR AT T2 ) 1 AR R AR
WREE B E R B S il b 5 U8 A
I HF 7K K R REA AR i35 55 A AR A 5 ]
FET DRI S X370 K A T S A BT LA SR 7K
T A G BAG RS TUI A B T 5 BTG B 22 % R
AR [ A B T X A AR BB AL

H A7 A 5T P ) A TR AR A B B A [ ] 3
485 1 KB R, LUK B AU
g B AL, o QUALM | WASP™ | EFDC'® |
SWATAERIRIN )12 5 55 2 2502 [l 43 B s
Y G N SR B O AR AT A T e rp SR
AL I 2 5 5 3 28R KA BRI AY il i A
i 0 PR B ST K BT ST A R L e B Y
& GM (1, DR 55 4 8L I SL4E 5T )2 1Y
P2 28 B R, R UK TS 85 £ 00
Btk Z (B ST S 5G AR AL G 56 R 2
VAT AN R E &l dAINL P S c IE TS s
EYE RN SN EYERAY 2 SR R N (V= AV T E e
T B TC R BB BT AR AR AE . BRI RL A
T 0 45 DA AR 2R R T 5 B O ST B G R
USSR FE I AR T 40U

FEK BTN 5 P H o, K B S E0 B[R] T 51
BAAPRE . B5E0 2 5 &R ToiE W /K B
O PR N A2 R 45 9 0345 DA . i T HA
ZACRE S8 5 A 2R FEAIG 2 >0 RIS Sk s A
P RS AR o0 X s 2 K A T K
PO AP AR R TIZ 0 . H PR R 2R R 4 (feed-
forward neural network, FFNN) B 5% A0 v FH %
N1z . BP(back propagation) #1485/ 4% 12
FHF AT AR5 35 B R A% /M R AR T
KEEE o ARWFFEBEHU I PR 27 2] L (extreme learn-
ing machine, ELM) & —fEikIE X i FFNN, H
SRR RRGE = M M % . 5 BP &
W26 AH L ELM HA S5 2% S fig I fE iz 1y
i R 2 5 e e AT (R AT R
BEL AL B ¥ (particle swarm optimization, PSO)
VR IR E o SIS A R A = NG

A SONPRE TR AT U0 BB B A A
PEACEE S 5 K5, 49 # PSO-ELM #28 H T4
WK BT Z 550 1] 7 20 ), BAs: 1 R A A B0 Tl

MR AL T AL G000 BP Mz M 45, ELM A 3
GFEORTRE . RS SN 5 UL R R Al
FIAR AR REVE A - SEBK B A 5 1

1 XI5 A 4 kiR

L1 g S5rEmReE

ARSCHIFTE (1 5 KR U AE T LR B e L
BRI ML R RAZR 3 km, 2RI M U %
RIRBEEIRENZY 255 m, FKIG A0 A H AR
7690 m’ . 3 ] AT A HETE L o RIRE N 210 m,
H iR 2 B o 60 000 m® F 1T 1L 3 57 SC Ak
OalE o PRI AL A B AT A A R BOK T
A7 K Z UG ER ] RE R EUK A P8R i S8
J& B SR UK MR SR s e KR . R
H R K TR KA S S IR S R
JE 20 43V i T RS B AL M AT L A
IKARAEAERRAC KU o [H I X 7K A8 Ak 4 1 4 7 950
IMFOPEA A T M1 LR S K PR B 16 P [R5 S B
XA B PRMEHORTE T

ATCERG 75 IR ML R A HEK | L HE R Bl
PREEX KA R L 26 7€ 5 A HURE L L 2020 4F
7 32022 4 6 FARRIRG 1 HOREE 1 k.
1.2 HiEmmsLiE

M1 T AR MR FF R s DA Ay
KBRS . ASBIETE HIF 2 (R R A ST
T8 58 I TR] 510 Fg K B

e 1O« ABUE K R bR X R EdE
BN n AR ] 51 14 5L 2 5 TR] 7 10 440 )
IR X = {x0sx@ s s Zam s s T 1o
H 2 K BTHEAR X A m I A)Y 10 _F A g0
{Eo Ao, R T2 WK Bdsts X e 4
I TA] BRI TR] P2 ) R R X o = {2y 5 000
w1 s T b o L NS TR RN . {4 T 3l
T VA RIS CREZA A s 1 S 00 800 e A o B
S AR RS A O ELM BRI gy AL
JEERINPE 1 PR

o ]| WEHE RN e

~ [ xe |

Cro 1L %@ |~ |

E\M\|M>H

I| X(m-t+1) H X(m-1+2) H : H X(m) |1

Bl BuE0REE

2 BBy PSO-ELM &2

2.1 MFREMULEZE
R HELALIE 2 i Eberhart ££ 1995 442



% 2 1

T i, 5 R F it PSO-ELM 9 33 K R Faam] 5 38 4 147

H R 5 B AT e R R i AL B
R B N AR AL T 2 4 25 6] kL
TGN YA E N X = (X Xy ooes
X)) YFIHE RN V= (Vi Vi Vi), [l
AL BAT Y BE VR AR Po= (Pas P
s Pp)o BRI T FRADEEAH Pa (D
PRBRAED RV ER A A% Pra CREARARAED L T2 A
W EE BT 3 Y B R B BARASnR
Vil = Vg +an (P — X +
cory (Phy — Xig) (D
Vit = Vi + Vi (2)
Hor o A BHVEACE 2 R BUN TR & 7 X5 50k
HPE DR RE E s Vi JRE 3 B 5 & O AT IR
UKL e veo 73 BIDARLT BB BR A EEATE A IR AT
TN R B —BAELOL 2 X B A s 7 7y D O~
1 Z [a] (R FEATLEL
2.2 MM FEMRUEE
Fegebi T I IAE TP (2 TR A A B
(ARG LS SSEINACHIVE & SonE 0l Sl CikI
IO B0 PR BSOE B i R S BRI R BE T AN
HIGERUEME] 2R R 25 A Rt
WS, T SR R B L AS B YR 2l A
ARE A A YA [N 7 53 N 7 AT AL
2.2.1 BAERBHERE
TVEALE o ST T 25 ik S 52 21 b — I %]
L R R R L o A R BB/ UK 3 19
JRTRAR R AE T 5 AR s A AU
REF R R R BE ok . MR LA Bk 1
R LA RE UL MR A 3 B SO MR 22
AL SE PRI P K B2 8 T B AR R S 0%
A X TR R AE IR TR R i
ARSCHE ) — Pl 1) S AR L S A A R
HRAR BT .

o 2
w — wmax . ((Umax wmm)T (3)

T

A o R AT S5 KL 5 conin 9 R 28 YA
Hpe/MELs T 2 SRR s T A R RIEARIK
B AR 0 BT @ LR M L
P RIYRAETI 98 S o BHTIN . Bk 2
JRTH R BE S 567 0 JR TR R e
2.2.2 EFRAT

EG PSO SE I RIS AR A SCHe i —
Tl 1 P B I O SR o AR g AL 5 1 P A 2
AR BIA—AE SN Tl 7 Mok 1 i) R A AR
JES ARSI T R AR S P TE T 4 e 07 B 1Y) BERT PR

B AERAE B R i L. AR08 @ id
SR ¢ YOEURL T 1 e 7 s @ FEATLLE % —
AL R R AR AR S IE R R T AT A
HEIE IV B S s ) 2 BEAIL™ A A2 SR 1
S5ZHE T Z [ A AL E BE /N T 0. 5. Ui A
FERE B e BN T 0. 5 BB T, EB B4R fhE
TR 2 A 0 DR AT R A R A
SR

2.3 ELM#&E#

ELM i B ¥ B TR 8 ) ik 042 B ik
2 HR A R AL 22 Y 1 B BB L
BOE 1 HUE R 4 B BT B Sk A
T AP, HE M MEEHEAR Y, =
(s ) s Ho e N ARG S e D E S8
HAT ke A BEOCE 1 0 B B2 A PR~ ~J 19 4 A

k
fi(x) = DIph;(x) = H(x)P 4
i=1

b H o) S BTy i s hy (o) 56« A B
JET SR . R O T FRR A

hi(x) = Glw;sb;5x) = Glwx +b)  (5)
Ht:o=lw we )" AR b,
S AN AR R T AR e 22 (R B =
(B B = Bt EREUZ (o A1 R S 2
Z () A 3 G oy ;> 20) R30S PRI, RV 3T
WS AR LR P B 22 ek K. ELM BRI 45 4 4

Kl 2fR .
T
b2 1 : /'/y N i p
LIS AN fav it )
------- . [ mm————
PSP Sl g
@ L o N )< 4 ts z ) !
i \\)ﬂ// { ‘/I v g g | ; A o
! \
g s 1 .
ey LS * Vs >I ! L N Y
| G PR P d
! 1 | (- [ i i |
1 1 1
: : 1 \ ! ' : 1 1 - H . I
: 1 ! : 1 ! : [
! | v ! H 1 v H [
- ] ) —
| § x/'\"i * N b b z) !
! g ! 1\ yv”{‘) ! / | — |
4
"""" ! - Fa i 2 1 smmmmm-

2 ELM &%

2.4 By PSO-ELM f&#
4 PSO X ELM #4740k, AL IRINT
1) e o i A R HH A T P O 20 o ST
ANBHESE  HX HE A —fb b 2,
2) BERLF e KB AR B B A A
TR S S8 e b CA TR, BRI UV ]
3) Wi ELM By A JZ BRE 2 b 2 1)
PR TCAEL FBEALA: B — AUk T



148 Sle Tk KF 2R ZAFR) % 48 &
4) %P ELM 19 300E R &, % ELM B "
BuEEs )T PR X AAH 15 Eue = ) (G — 30/ N
i=1

EHVEATIRAE . f A e I FEARIZ T ELM X R 45 30t
11 FOCIEAC ARSI ZR AR 19 277 R R 224 O 365 1o
JE {1 BRI KA MATI 8 A AR AEL T 42 Jr I ML S 3
AW L EE e A

5) HHRLT IR E . SIS T,
TSI I REAE SRR A AR (R A A

6 SN2 77 1 AL A5 SR AR (T » 250 I B A T A2
T RE R sk B i R AUE SR P& UL
R ACHEAL IR B3 BEAUEL L i B B {ELA O I 4 24
HE ER I A SR 2 RN 2505 i Hh R G A 4 R
T A2 BRI ]2 R ) AREEIEAN

HARAENIE 3 P

BB E R HR S

TR TE N

BERBE I | B PEA 2 ST BT |
)

YIZRELM /) £%

A e BT 45 | R T B A

¥
REMT N
Y B BRI
B/NREE

3 MRUAEZRRE

| sIAERET |

3 BEXUEHERSM
3.1 U7k B R

KL PR S HACE Sy MR M =
30, I PEA B Bt KA wmae = 0.9 T/ IME wnin =
0.2, %#JHNT ¢, = ¢, = 1.5, FRIENRERECH
100, KL A8 AR 500 FiF e R Vi =
10, /N JE Vi =— 10, ELM #2245 250015
BN WS DR/ SRR AN, =
69&%@%%}?& N, = 209%?&%%,'\5\ N; =1,

VT A SRS pHE . o G 420 o (sl
RO o) o CBR B F) « p il 85 ) 1 L 7Y
FNJZ . R ER BRI — A BR[O, 1 Ve L H
80 Yo 7K BB B A I ZRAE 5 20 o /K BB 5y
AR T T RSB IR 35 7 etk 1) PSO-
ELM 8, 24 T3 21 0 BUE 5 52 PR 1 7 L
BT . EHRE RECR TR % Evse FIBAT
I I S P A PR AR R T3 5205 g

D=3 (Gy—»T
i=1

D=3 (y—)°
i=1 i=1

RZ

(6)

oy, S s v BT TN A s v S Sk
TR 1) 7 485 v kg 55 0 5 000 5 40 190 °F- 25 {8
n N FEAREE .
3.2 WNERSH

S IIE B PSO-ELM B (1) 52 B 21
RIS BP Mm% ML G ELM R 1) $5i
S5 R T AL, Hod 548 ELM #2828 244
WE AN Y PSO-ELM A £ — 3,
BP 1 25 [ 2% [ FE fff FH SRR = 2540 S A2 1749
SR E N 1, RORZ 1 s SR R IE A2k m =
Vo W o o R AZ T RGO R
HZA S 8Ge B0 LN E SR B e &0 R
9, HERIR)Z T s BCh 10 52 g0 1. Y
SRR TE A B0 LG5 43 50 R 8006 A 2000, 5
ELM R 45—

PS5 A ARSI L X, DL 2022 45
1—6 H WEI B 1E P b o s PR b W26 1
i), 5 A 4 FR

21 . Bk IS 19 PSO-ELM SE-#4 v 7 %K
k0. 822, FE 4 ELM 2RI 0. 681 F1 BP i
ZMEK 11 0. 615 P iR 20N 0. 04, 1 5
ELM BRI BP #ft 22 % 45 43 3] 4 0. 17 1 0. 25,
UEAb o ORI 1) PR 28 AT SE- BN R AR 7 s

® 1 BRBTMIER

TR T R? Ewse  WIZRntE]/s
BP 0.724  0.207 54
pH ELM 0.768 0. 171 25
PSO-ELM  0.882  0.008 17
BP 0.489  0.282 34
p(E R  ELM 0.652  0.143 24
PSO-ELM  0.791  0.017 8
BP 0.613  0.261 44
(R ELM 0.665  0.223 19
PSO-ELM  0.726  0.062 3
BP 0.563  0.256 38
(B ELM 0.591  0.163 18
PSO-ELM  0.756  0.071 5
BP 0.681  0.287 29
e ) ELM 0.712  0.172 21
PSO-ELM  0.883  0.052 4
BP 0.621  0.226 31
Ui T  ELM 0.698 0. 169 18
PSO-ELM  0.835  0.049 5




% 2 Ak 5 T it PSO-ELM 6 303 K R ol 5 34 149
8.4 = I 5.0 o
= BF ~10.50
T ELM Q1050 & -, S48, 3.
8.1 TvPSOELM v 2 (T T =) o NG S
'\ " \r = < 9.75;7 = E 46 N . .
78 / I . \ .- = / -k
- ” ’ % P00 & I\ a e BAET L gy ~
75 = 2 ELM e g4z T B
 82s) TEM v ELM
72 750 . -\' 40f, TPSOELM
1 2 3 4 5 6 I 2 3 4 5 6 1 2 3 4 5 6
At A o,
(a) pHIH (b) p (4R (c) p ()
2 700 S 12 12
—m— 3L - =) Sl Ak
—_ L 2 BP P ’ 310 %D - - ';J;UH»ME
N 2550 -+ ELM < : 0 - - £ 09 N\ - BP
%D _ -+ PSO-ELM, ~ o é N = /A\\ -a EILM
A . =8 ] A% - =\ v PSO-ELM
N . &~ H” s LE / ° “\Z’E 0.6 “ - \\\\
A i 6f = T\ VA R \e.
. = = 4 T ELM f/ T 03y le::\,r, -2
Y | v PSOELM —3 -y
2 3 4 5 6 I 2 3 4 5 6 1 2 3 4 5 6
H{JJ\ VERVi) Ay
(d) p (BRIRIR) () p(HET) O pGEET)
4 FHEETNIERDE &

it JE ) PSO-ELM A 24 A A 1Y
PE R BCNIE 5 Fro » T Y e R AR 4R
FLERE T 0.8 DLEL AR R, NI,
ABIFFERTRITE A GEAE TR SRl E Al i SR
B ) 0 A58 R B AT ) I R AR R
M.

1.0r
IS
0sl [ Rl

PSO-ELM
B

BEERE RN

& 5

3.3 KERRREMITM

R T mIZRAR Kot 55 OB AR 4G & L 15
I 8] Y87 4 2Bl 5 » E AT K RASUE PEPRAR . SR
Spearman [ Bk A G 22 BHEAT Daniel #5546 5 »
PO AL IN AR SRR B3 . 45 TR S 2
Yoo Yy AAHRLAE X HEBU Y iy 3/ Bt

KRB AL R
re=1—6>d*(N° —N) <)
i=1
d,' - X{ *Y,' (8)

Hopr: d 7R X, 5 Y BZEE: X0 A 13
WA N e B A AN BIRHES I 53 Y %
] HES )55

HERRAC R B o IERS{E Spearman FkAH
REBH B FE W, BEATHCEE: 2 o > W, ISR
WA 3 R A v AR WA
B GETT R AR b A T B T B s a3 .
B 22 BT SOME S 2 < W, BHEEANY
BN K A E PRI AE R DL 2 s

R2 KFIEMER

ISR ro {H W, H PSR
pHH 0. 648 0. 679 KRR
oD 0. 532 0. 679 N
oCRED 0.428 0. 679 K AR E
o(TRRAR) 0.671 0. 679 IKFRE
oK1 0. 198 0. 679 K AR E
oGRS 1) —0.582 0. 005 TR
TR E R R K AR U oL F € » pH 1H.

p(ﬁﬁ?fﬁk)\p(ﬁ\ﬁ)\p(@’ﬁ@aﬁ)ﬁ oCERES O PFHr
S5 RFAE W AR o Gl B 1) E T %
PR PRI BN SR B TR E
B MW A P R A ER B PR 2 X K A B 1 TS
VLIV RSN

4 8
AT H B ) PSO-ELM BERIXHE GOk 1
REUCAC SRR AT Bt » I Ji Y — bt 14 O

BUEACE TSI MG AR S N 1 fd i 14



190 ARe Tk K AR AAF R

748 %

SRR AR AR BE T AR 1 B AR AR AR A
ARER . ot a 9 PSO-ELM 51 5 248 ELM,
BP #2225 A1 H HAT 54T 1932 A 1 RE MR PR
L  REHCAS M S AN S5 ST T8 7K 5 ) A2 A O
$ PSO-ELM Il gR%idle 5 B Lo 45 & A
KRG SE PE AR A T b AL AR a5, A BRK it
TR E R B ARRRE . AT T /K A 7
SN M T k) T EA K B
GHEALA T« Rl R T s X A= 25852

(& % X Wkl

[1] GUIMARAES R N,MOREIRA V R,CRUZ J R A, et al.
History of tailings dam failure: impacts on access to safe
water and influence on the legislative framework[ ] ]. Sci-
ence of the Total Environment,2022,852:158536.

[2] HARTSOCK J A,PIERCEY J.HOUSE M K,et al. An e-
valuation of water quality at Sandhill Wetland: implications
for reclaiming wetlands above soft tailings deposits in
northern Alberta, Canada[ ] ]. Wetlands Ecology and Man-
agement,2021,29(1).111-127.

[3] WANG G, TIAN S,HU B, et al. Evolution pattern of Tail-
ings flow from dam failure and the buffering effect of Debris
Blocking Dams| ] ]. Water,2019,11(11);2388.

[4] AL-ZUBAIDI H A M, WELLS S A. Analytical and field
verification of a 3D hydrodynamic and water quality numeri-
cal scheme based on the 2D formulation in CE-QUAL-W2
[J7. Journal of Hydraulic Research,2020,58(1):152-171.

[5] OBIN N,TAO H N,GE F,et al. Research on water quality
simulation and water environmental capacity in Lushui Riv-
er based on WASP Model[ ] . Water,2021,13(20):2819.

[6] KIM J,SEO D,JANG M,et al. Augmentation of limited in-
put data using an artificial neural network method to im-
prove the accuracy of water quality modeling in a large lake
[J7. Journal of Hydrology.2021,602:126817.

[7] ZHANG Y, XIA J, SHAO Q, et al. Water quantity and
quality simulation by improved SWAT in highly regulated
Huai River basin of Chinal ] . Stochastic Environmental Re-
search and Risk Assessment,2013,27(1):11-27.

[8] RAJAEE T,BOROUMAND A. Forecasting of chlorophyll-
a concentrations in South San Francisco Bay using five dif-
ferent models [ ] ]. Applied Ocean Research, 2015, 53;:
208-217.

[9] ELHAG M,GITASI,OTHMAN A, et al. Time series anal-
ysis of remotely sensed water quality parameters in arid en-
vironments, Saudi Arabia [ ] ]. Environment Development
and Sustainability,2021,23(2):1392-1410.

[10] HUO S,HE Z,SU J,et al. Prediction of lake eutrophica-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

tion using artificial neural networks[ ] |. International Jour-
nal of Environment and Pollution, 2015, 56 (1/2/3/4):
63-78.

GONTIJO E S J, MONTEIRO A S C, TONELLO P S,
et al. Analyses of colloidal, truly dissolved,and DGT-labile
metal species and phosphorus in mining area surrounded
by tailing dams using self-organising maps[ ] ]. Chemo-
sphere, 2022,303:125003.

CHEN S, FANG G, HUANG X, et al. Water quality pre-
diction model of a water diversion project based on the im-
proved artificial bee colony-backpropagation neural net-
work[ ] ]. Water,2018,10(6) ; 806.

JIANG L, YANG L,HUANG Y.et al. COD optimization pre-
diction model based on CAWOA-ELM in water ecological en-
vironment[ J . Journal of Chemistry,2021,11:6611777.

KA ARG, B, S TR IR OR i 2 H bR
AETRRLT ] AL T 5 % i . 2004 (7) : 1286-1291.

YA ICEE BRI, Wk 0TI, S, SV JEEVRT o DX 35 B DR AR
G JE T YRR SR IR AT LD . A VTR A B U B
2022(1):1-12.

CASTENDYK D N, WEBSTER-BROWN ] G. Sensitivity
analyses in pit lake prediction, Martha Mine, New Zealand
1: relationship between turnover and input water density
[J]. Chemical Geology,2007,244(1/2) :42-55.

7ZHU C, HU F Q, BURDEN D S, Multi-component reactive
transport modeling of natural attenuation of an acid groundwa-
ter plume at a uranium mill tailings site [ ] . Journal of Con-
taminant Hydrology,2001,52(1/2/3/4) :85-108.

YAN J,LIU J,YU Y,et al. Water quality prediction in the
Luan River based on 1-DRCNN and BiGRU hybrid neural
network model[ ] |. Water,2021,13(9).:1273.

GARIBAY V M,GITAU M W,KIGGUNDU N,et al. E-
valuation of reanalysis precipitation data and potential bias
correction methods for use in data-scarce areas [ J |. Water
Resources Management, 2021,35(5) ;:1587-1602.
Tl 22 . BT RO gk L) . b R AR AL
2004(5) : 87-94.

XA, TR R B HE A R G TR (D] Kb
R K, 2000,

NI i & P\ - (I R o sl B A A WA R 4
AU TR R S A S AL L) . TR R L B2,
2017,45(4) . 183-186.

HUANG G B,ZHU Q Y. Extreme learning machine; theo-
ry and applications [ ] ]. Neurocomputing, 2006, 70 (1/2/
3):489-501.

R BRA AR AE SF. PEALE A B AR £k (1980—2011 4F) s
FEWH T3 Hr L) . #IAARF . 2013,25(5) : 635-642.

L = 50



