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Preparation of adsorbents for selectively removal of heavy metals from Salvia
miltiorrhiz extract
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Abstract: Objective Taking molecular sieve as a main component, to develop adsorbents which can selectively remove five kinds of
heavy metal in Salvia miltiorrhiz extract solution. Methods The 13X zeolite powder and active alumina powder were selected to
compose adsorbent from four materials including iron red powder, fast powder (activated alumina), 13X molecular sieve powder, and
zinc sulfide powder. The adsorbent formula was optimized with uniform design for mixture experiment. Pore-expanding agents, such
as Chitisan and EDTA, were added to improve adsorbent pore structure. Results With uniform design for mixture experiment,
adsorbents with 13X zeolite ratio 0.275 6—0.465 5 could effectively remove five heavy metals (Cu, Pb, Cd, Hg, and As) in water
solution. The optimal adsorbents from uniform design were hard to remove heavy metal in S. miltiorrhiz extract solution in 4 h, and
removal ratios of Cu, Pb, Cd, Hg, and As were 14.4%, 74.5%, 54.6%, 13.4%, and 8.8%, respectively. With the same formula, pore-
expanding adsorbents could effectively remove five heavy metals in S. miltiorrhiz extract solution in 4 h, and removal ratios of Cu, Pb,
Cd, Hg, and As increased to 21.0%, 91.5%, 97.5%, 60.3%, and 46.8%, respectively. Conclusion Pore-expanding adsorbents prepared
in this study could remove five heavy metals in S. miltiorrhiz extract solution in short time, exhibiting industrial application prospect.

Key words: Salvia miltiorrhiza Bunge.; heavy metal; 13X zeolite; selective removal; iron red powder; activated alumina; zinc sulfide
powder; adsorbent; Cu; Pb; Cd; Hg; As

#EBHA: 2017-09-15

ESWB: FFHAHAAITRIEE (15XD1522300)

EZREIN: REM (1984—), 5, Hd, EHNFH BRI, BB TR R S 4.
Tel: 13501826084 (021)52383012 E-mail: freeyujinpeng@126.com

HEEEE EMK, BRMES TN, Tel: (021)52383012  E-mail: wpf@sricims.com



)

Chinese Traditional and Herbal Drugs 25 49 % 3 53§ 201843 A

* 1069 °

R RGOS E, P ER RN
gy, 2l A RSy L2 . (HEAE R T
Wk ke, M5 H 8, e B i i &
A LLRRE, B2 E AR S Bk br Y e
XFNARZ A H AR B D e B W] AR e . K
HitFH 2 4 B AR I 25 23 51 R 2 Rt . A ZiR
WA T B 2y i AR B JE, DU
Kb F- 2 A A A B

P2 RPERE AR, mTHEGRER ¥
MO TR TR BT EAAZUN T
AT, WAL, K455, SERESRSE
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JE I RRBOR AR . W P22 H i IR,
FIT IR B S A LA U2 e e, ek
SRR W ALE R E AR R, 551
Hh 245 ROy B R o

I3 T RAREN LA ) B — 8 B 4R 451
AL E AR R, BRI IR . 7 T
ARICWRITERE, 2Tl <2nm, BEERET
REE L A FLR BB, T R 256 RO o 7 70K,
FHEANAL. 7 TR RRE B B s etk me, W
TS EEEIGK, WK TR T 2
B mH R, DLREe R i bk 24 SR B B
&g, BIETUSRA 13X T e s cu.
Pb> REHEIK, BRREAE 95% A L. AR
E=IR 13X 70 TR B AR G BRSSO
J& Pb A1 Cd, FFEU RAFHORS. Asusobi—2
13X 3 TIRME TS RBGE T Cu. Pb. Cd.
Hg. As 5 M e 5w il BRASCR .

AR SLIGALN LA 13X 731 A AR 2% 1 B
PV B b 25 BRI B R R R, IR TR R
FFZ IR E 5 .

1 UE5RHY
1.1 %

FrZ 1 Ll A HI 2 ERA IR AR R, T
FFEFANARAR, & LiETEARFEREE
B NETREY P2 Salvia miltiorrhiza Bge.

MIRRFIARZE: 13X 20 T oA e PR Ak T A TR
AFAEFE DU RIS DR TR A TR A =] AR
F=y BREUM ORI T IR SR R A A ik
WA NS = Hl; Cu. Pb. Cd. Hg. As brifEi
W OREIREEYI N 1.000 g/L, L5 7CH 148030-1.
148028-2. 148012-1. 13A25-2. 147045-2) T
FA &8 KX AR I s 6 RGP
g B T [ i 2 ks e i iR, o E A H>
98%, #t5 111562-201514; XJ B RIERTRIE T I
BHEMREAR AR, RESH>98%, fits
YY900004-20mg.
1.2 &5

Agilent 1260 1=y 30 RAH B REAL, ZHEAC R AR
ATl TAS-990 JR IR et EETE, dbaitATia
P A TR T AT HG-A Sk A %, b
I S B L R IR A BR A\ s SCIENTZ-18N 4%
TN, T Z R A A A F
2 FAEEHR
21 WA
2.1.1  PFSRBGEA RS D E

(1) [ & I RS il e« S HO B A R
T J5 PR % 10 mL, WA TG, 7ERE N
0.1 mg RV EFER &, FREEHBARRE m (g,
M &8 S=m/10 (gmL). FE&EREE (R M
LM B AR S B P S PR I A (S 5 AT
FIZPREUHE &5 (Sy) KIEE, B Re=S1/S).

(DL B 7 B S H RIS 23 € - £ ] HPLC
FGE, EIEFASE (hEZ) 2015 FFR—E
“Frz a4
T B+ (Eclipse Plus-C g 4, 250 mm X 4.6 mm,
5 um); FEIAA 2 15-0.05% M EE K 7, P BE
Ve, H OB 0~15 min, 10%~
20% % : 15~35 min, 20%~25% . 35~45 min,
25%~30%Z M5 45~55 min, 30%~90%ZfE; 55~
70 min, 90%ZJE; Rl A 286 nm; BB HREL
PRI TRE VT 5N AMET 20 000, F] PR B
JRERE 20.2 mg/L X RS, AR IR EOG R,
W 0.1, 02, 0.5, 1.0 mL #FE%E 10 mL. JEA
WA, s LU AR, R E bR 2R FRECRE S
e m (g), BLHIE 10 mL ¥, 145 HPLC &
FEMPHRTR B ERIAR, AR FakbriE th 4ot 5
FHYER B B EIRE €, (mg/L). FRE FRIHH
FFSRBIH PR B MRESE P1=10 Ci/m
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(mg/kg). FHHMR B BIUE (R) ALWMMAE G
PSR BGHE TP R B IR ERE (G, 5
BT PSR BGH T FHRER B R EIREE (Ci) 1)
Ebfd, B R, =C1/Cigo

(3) RIEFIR & B LI AR e ey
PR ER Bo AU HR SO IR % AR 7 mg/L.
PRI B v 28 1 5 H R IE R = IR E Cy(mg/L) o
PSR R IEFRITE S P,=10 Ci/m
(mg/kg). KIEFRREINE (Ry) AEW LS 1
FF SRR PR EF R EIRE (G, SR AT
FH SRR R IE R TR R IRE (Cy) MILLIE, AP
R>y=C51/Cxge

(4) gk E: 2% (REZH) 2015
SERR AR 0512 #AUY, FERIHBLE (hZtait
Fa S BE AU VEAN RGEDA I T 528 W B Ab B AT
J& P S SR = BOR A 4R S S A AL

FAFEMNE 3 K, ERFIR B RESH
RSD<<3.7%, RIERMRHE 73 RSD<5.5%.
2.1.2 JEFRICOLEZN e ES B S E  FH
JEF IR o e EETHE FE i Cus Pby Cd. As.
Hg MESESE. 2% (RFEZR) 2015 FiH
I 0406 FAH!H, Cu KM Pb. Cd fEH]
FEE; As (EHEM KA He AR T
io BRRIE IR EHLHIARMELZL. 5 FOTEM
B 2 AR .

Cu ME 2 R 324.7 nm, =SJET)
0.22 MPa, ZH[E 77 0.05 MPa, ZJRAAFFE 1 600
mL/min.

Pb MsE 4t KB 283.3 nm, @SES
0.4 MPa, A Z/KIEAE 17 0.4 MPa, BEFEAAFL 10 L,
THE KA B SR FEAR N 110, 450,
1800, 1900 C.

Cd M4 MK 228.8 nm, ESEH
0.4 MPa, A Z/KIEIAE 17 0.4 MPa, BEFEAAFL 10 L,
THE KA R IR AR IO 1204 500,
1700. 1800 C.

As ME A BB 193.7 nm. B4R E
SO 100 V, @AETT 0.3 MPa, RFUE
200 mL/min, T SHRFTH . @&FEHE 1.5%TE
1A, 0.3%E AMET,

Hg M58 460 Al K 253.7 nm, S4b¥ k4L
AR RE, EAETT 0.3 MPa, AFUE 200
mL/min, 4 SJFRMH. EEBHE 1%MELE.

0.1% % A AL o

FEAFERRIE 3 %, Cu. Pb. Cd. Hg. As &%
i RSD RN 2.3%. 4.9%- 2.1%- 4.5%- 3.7%.
213 EELBMBRZE (B) WxE A EdRrE
N 5 TR B R S IR AR, (M E SR .

E=20(H,—Hy) X 107%/M
Hiv Ho 2SR AT )5 B 48 BT S (mg/L), M AW
BT R (2
22 FSEBUIAHE

WPZ250 10 kg, B RCHEBURL, 80 “ClHlA
FREL 2 K, BRINZK 80 L. $REUNHE 1 h, H3RHL
WyEt, &9F, W4E. AETE. B, B82S
PRI K 3.6 kgo LNE TR+ PR B 5
BN T%.
2.3 IRFIAH R R IF I

DA B B 4 T ARV YR D A W P S 365
LR AR (BL Cu B 06D BURFRE (Cu
JREWE 1.000 g/L), HZEE /KRS 50 mg/L,
1l % AR AL EE Cu ¥ B 0.2 g W Pt A4 KB T 50 mL
HBZE= ke, i 20 mL #5434 Cu W, 25 C
MEIRKIBIRY » 3 200 r/min, WY B E] 48 ho Pb.
Cd. Hg. As HMEERERMLRmRES FiRdFE
FAIF], o5 A B A R R 4 B ST IR FE AR TN 201 6+
5. 10mg/L. fEf] “2.1.3”7 ke £4)E E.

FIF B3R T7EE, 5% 13X 40 7. Pk, &
LIRS BB RS KR A 4 R & T
MIBERRACR, W3R 1 FioR. Bl W B TR ) K
G B TR PR T

By RAT As BIBERR AR B by, wlik
90.9%; XfT Pb Ml Hg MIMLER R — M, 437 mTik
54.7%- 57.1%; X}T Cu Fl Cd FIBBR BRI 2 . Bk
4L E AN Fe,05, BEERM /KRB Fe’') fES As
SEAMEZ BBR. oAk, BREErT LA E5r — 4 BH
BT EREEE AR, R M E T A
A R B I B R

PR 2 S SR AR B T R DR R K 45 )
f, NICETEAS, RIS . BB X T Cus
Pb.Cd. As #\H B IF IR R, E 53 7 PTIE 97.9%
99.0%- 97.9%- 96.4%, %I Hg tEA— & 1IFkx
R, E AIIK 75.7%. PRIBR I 3 Z R N TG E T
FAER-FEMEIREY, N EY), BReE 4
BB T cu*'. Pb*. Cd*. HE ' 4L, e 5
BT AsOs” « AsO,” 4ty . GO AR 244,
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Table 1 Removal ratio of five heavy metal for four adsorbents
Cu E/% Pb E/% Cd E/%
WS B E
24h 48 h 4h 24h 48 h 4h 24h 48 h
(AR Z 1284+0.1 12.84+0.1 14.6+02 379401 52.6+05 547+01 68+02 0 0.7+0.0
NE 863+£02 97309 979402 968+0.6 91911 99.0+0.1 982402 957+0.1 97.940.2
13X 07 933+0.6 944+1.1 670105 674+£09 92.6%1.6 975+1.3 794%+1.0 989+04 98.6+0.8
LB R 89.8+03 938409 96.8%+1.5 91.9+09 942403 979404 91.9+04 942405 979408
Hg E/% As E/%
g
4h 24h 48 h 4h 24h 48 h
BRETKYR 243+0.1 468+0.1 571220 644+1.6 853%37 90.9+03
NY 646409 673+1.1 757+£10 924+18 945+08 96.4%2.0
13X 7379 701203 66.843.5 82.0+1.7 202+0.1 254407 264+0.5
ALEER K 683111 729405 80.1+0.7 635+£19 824+0.6 88.5%1.8
A 2 i 5 o FIRTIRE B 791) 26 o K B A 7510 S8 A FSCRBORSE , 97593, X 20~

13X 43 FIfER % T Cu. Pb. Cd. Hg HHK
UFHIEBR AR, E 53 5Tk 94.4% 97.5%- 98.6%-
82.0%, X T As HIBLER R 2, 1N 26.5%. 13X
o TImEA AR E A AR, AL, FL
BN 1 nm, fLEWNHLEAE Na', LRRRBEAF
. MEREHEFHEAILER, TS Na KAELZHR
SONET AR o (R, 13X 23 F-0 J50K %+ Cus Pb.
Cd. Hg ARUFPIBFRAR . 13X 40 Fifizm e
FILRELE A IS T AsOy” Al AsO, ", BHIIEXTT As
A —E B BR SR

RALEER AKX T Cu. Pb. Cd. Hg S5 BAFH)
R ZCR, E 43 BT 3K 96.7%197.9%+97.9%- 80.1%,
T As EA —ERBERBUER, 155 88.5%. fifl
Al cu*. Po*. Cd*. Hg RN, Bk E
MV I & SRR AL TR L RR . BB R R
o TP T AsOS Al AsO,” HA — & BBk %
Ro BT, BHALBR AL Cu’L PHL Cd.
Hg” 258 7, S5BI8 Zn™, SHEWGE B =5 .

g LR, AR R 13X TR R
W BRI O ERE, DA £ i S5 P 4R A
A ST It o 28 R P PR B 7)o
2.4 DRFIFED 75 HORE AT

MRAE “2.37 T ik >R MR B A4 REER I A 5
13X 2Pk, FFTRRNE T 7 A0 4 i B 7 i
75, FTRIRRISETHEL T 3R 2 s . ARERC T, fF
FFF 2% IR B R 46 (BEAR 1.8 mm), &AL,
T, 500 CrliS bl G, 5354 —EmE

40 HEB 4y, AT o S P SEae

DA 5 Pl 48 B 7 7K VA YR 1D i A W P S 3655
T B FAIBC 7. )44 & Cus Pby Cd. Hg. As5
Pl )8 B /KW, HEERBREREKKA 50,
20, 6. 5. 10 mg/L. HL 0.2 g AWK B T 50
mL HLZE =ML, A 20 mL FpAb B 48 5
TR, 25 CHEEKBIRY . ##E 200 r/min,
W PR R] 48 h DL o 235 “2.1.37 WOV S B
HEBTERM E. IR TE 2. HE 2 /5,
7 AP FIEC TR T 5 M E &R IA BT H) E. Cu.
Pb. Cd. Hg. As fJ#: = E 4395 73k 98.4%. 98.5%-
98.3%. 97.5%- 90.3%.

BT 7 AR, 13X 2 F I R Ll 25 A
A, % 5 FESEN E 5 13X 0TI ER Eu il 2% &
Hep, 1T 3. HE 3 A, Cu. Pb. HgWE
B 13X 70T A EL B AR AR, 497E 80% LA
by Cd 1) E BEAE 13X 4107 Bk LA - v T 4
KEFHAE, 25 13X 7070 5kt >0.275 6 I,
Cd 1) E B35 KM As (1) E BEE 13X 40 70 5k
ECAB T R T kN, 24 13X 200 JEUR Ee 451 > 0.481
1, As [ E Bl TR,

CRRFTIR, 4 13X 410 B ok B LAl Ak T
0.275 6~0.465 5 [FIX[A] N INF, X 5 b o <6 @8 356 4
TFHIBE BRSO . FEJRSE “3.37 TN AT, Krik
AT iZ X RS 7 (NS, FRat D,

2.5 WRBHFIAIRA
HRYE “2.47 TUF IR FCEE R, % BRI 7
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Table 2 Uniform design for mixture experiment of tow components
o T /g E/%
13X J5# PRIBERY Cu Pb cd Hg As

N1 0.682 1 03179 934+1.5 87.6+3.1 96.0+2.1 95.4+4.1 76.9+0.9
N2 0.008 2 0.991 8 943+0.8 96.3+2.5 56.0+1.3 89.5+3.7 88.8+1.8
N3 0.481 1 0.5189 96.1+1.3 92.5+2.1 97.9+0.9 95.8+1.7 87.1+1.0
N4 0.9399 0.060 1 98.4+1.1 98.5+2.9 98.3+1.8 97.5£3.5 10.9+0.3
N5 0.275 6 0.724 4 98.0+2.1 98.0+0.5 97.7+£1.2 97.2+13 88.8+0.5
Ht 0.4655 0.534 5 95.2+0.5 92.8+2.5 97.9+0.5 90.2+3.1 85.5+2.3
EL = 0 1 95.61+0.3 92.0+1.9 66.4+0.7 90.2+2.6 90.3+3.2
13X JEA L] 0~0.95, B ELA] 0.05~1.00
13X powder ratio: 0—0.95, active alumina powder ratio: 0.05—1.00

#3 ELRES BXHTFHEMLLHIZEXR FEALLRE (A5 1,

Table 3 Relationship between heavy metal removal rate and

13X zeolite ratio

13X 43 F-1 E/%

B Cu Pb cd Hg As

0 95.6+0.3 92.041.9 66.4+0.7 90.242.6 90.3+3.2
0.0082 94340.8 963425 56.0+1.3 89.5+3.7 88.8+1.8
02756  98.0%2.198.0+0.597.7+1.297.2+1.3 88.840.5
04655 952740.592.8+25 97.940.5 90.2+3.1 85.5+2.3
04811 96.1+1.392.5+2.197.940.9 958+1.7 87.1+1.0
06821 93.4+1.587.6+3.1 96.0+2.1 95.4+4.1 76.9+0.9
09399 98.4-41.198.5+29983+1.897.5+3.5 10.940.3

N5, Hub sAE ARG G FAh, AN TR SN
ZEX R LLNIN S P 48 5 TP S5 i
AR B SRy, >R SR BRI PR B FH 28R

w5 MESES TS RIGE R . 1
27T &IPS PRI 2.25 g, WAET 100 mL
ZE TR, MAYGEIELS, ik, BBEEEE
IO Cu. Pb. Cd. Hg. As HUbREM, fHH )R
BRI 50, 204 64 5. 10 mg/L. ¥ pH {i
715.6, EEFR,

0.2 g ANEWRFHFELE T 50 mL H 2=k
A, A 20 mL EIRPFSEEEGH, 25 CIHIEK
BRI 200 vmin, WREHESE 4 he BT PR
% B 57 VeI, DR ke P B A W B R D, SR
4h.

22 “2.1.37 W rikille SMELEN E.
S “2.1.17 W3RN E PHS RO [E 2 &
FHBER B FiE . RIEFR RS, fegUEiE

2 3R 3 BN (N5, ot g, b FE D &b
G, PFZRIGETESE. FHREK B, RIERR
[FISCR LR 4; WLPACBERT. S5 R PFSHREURIE S
B 1 s, fRSUEEAEE A1 T3 4.

& 4 AP S 2 REREET 97.6%, FHRHER
B R & T 94.5%, kAR FCEE T 92.2%;
22N B AL PR AT S 0P S R BB TR SIS A AL R
100%. P WLZEId 3 MR R ab B ), FHES R BGH Y
PR T AR .

ER, 3 FRMF (NS, i, #NFEAD X
PSR 5 M E &8 TR BRI R ZE,
W3 5. Cu. Pb. Cd. Hg. As HigE E 2K
14.4%. 74.5%+ 54.6%- 13.4%. 8.8%. X FEZH
2 HFHMREERR: (1) EE&RITRTRESSHS
BRI TR A, MRS BB FES; (2
SEAGH T DRI, SR E R B R SR T,
s ) B e [ OB o 7] A 8 ) A% Joia 9
2.6 T FLOR TR & S R A

Rt FUTE 4 h WIBR E &R I RE
71, ATLASE “2.47 T, TEWR B 7)Y i R Ao

x4 ASREBRBRAS ERE
Table 4 Active components recovery ratio of Salvia

miltiorrhiz extract

- ELEIA fRar i
Fl & PR B REER %
N5 98.8 94.5 93.9 100
ot s 97.6 94.6 92.5 100
A7 A 98.0 97.5 92.2 100
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FHHER B
%J‘%ﬁﬂ‘ﬁ £
| c
d
C
b
PP a
0 10 20 30 4 0 e 7

t/min

a- AL BRRTPFZARIBOKR b~d- MR (N5 Al sl A S RO
AEEREFFZARBOR o FRUCARIETIR . FHHIR B xR E 1
a-extract solution before treatment b—d-were extract solution after
treatment with adsorbents (N5, center point, added point,
respectively) e, f-were Rosmarinci Acid solution and Salvia

miltiorrhizanolic Acid B solution respectively

1 WRMHACIERT. EfASREUREY HPLC R4 &%
Fig.1 HPLC fingerprint spectrum of S. miltiorrhiza extract

treated with adsorbents

AN 5% LA, ASCGE IR B 0 N LB 5, I
fEfa g im AR, § AL AR g A AT R 2
TE R ALIE S5/, A FI T 5 4w ) W B 550 P 0 ik
& .

BB NS, BRI, #1472 Fy 4L
W PR 7)o FEASEFHIX 2 b FL YR B 75 B P 2 2 HL
WHEEE, LIRS E “2.57 T, s
W 6. MK 6 AN 5 FESIEN E G AFFEE
(3 5. Cu.Pb.Cd Hg. As ] E 4> BIFEH & 21.0%.
91.5%- 97.5%- 60.3%. 46.8%. XM T¥ LA
B S FLIERR, AR BT RER Y H A
PR, R B B

bhik 6 538 1 Bl mran, FrSRRHES
Ji I P e FEE v T 7K B S BB B . IX T R
H T E&E SIS H I RS GIER TR .
JeHAR Cu, EFZRBUEH Cu 1 E N 21.0%:
7K Cu ) E 734 93.4%PA b X8 Cu © &5
M SHE YRS BEBERNSZEER . X 5546
i Cu M br & T Al 4R 2 — 5.

x5 RROTIRMIN SRR SHEERN E

Table S Removal ratio of five heavy metal in S. miltiorrhiz extract solution treated with adsorbents in uniform design

- El%
ETRes
Cu Pb Cd Hg As
N5 0.80+0.05 62.204+1.80 42.9040.50 0 7.8040.03
Rt s 8.50+0.30 74.50+2.10 54.60+0.80 0.70+0.06 8.10+0.08
AR 14.40+0.80 49.20+0.90 33.701+0.90 13.4040.40 8.8040.06

F6 HILBERMFINASEAS SHESEN E
Table 6 Removal ratio of five kinds of heavy metals in S.
miltiorrhiz extract solution for pore-expanded adsorbents

L El%
B Cu Pb Cd Hg As
FIEHE 21.0£0.5 91.5£0.9 96.7+2.3 60.31+0.9 43.2£1.6
EDTA 15.0+0.8 90.9%t1.7 97.5+1.4 49.5+1.1 46.8+2.3

3 g

W PRS2 SRR R 5 ol E 4 00 e 2ok
TR SR B F15 2 JTTH R R R . )
BEAPRI R, B NIRRT . Y
W BREAA AL T B 4 JR PRI B B A RS, T2 Pt B
R AT o T LB PR 7R), U0 2 AA R B 2
JIH % B, BRI FLIE ek, 1
S, 17 RS T pAY R B 71 55 e O B R

ARSI SE N 4 PP AR A i I 2 A
ML 13X 70705k PR . DAKIX 2 Mt Rk
B R, A TR RS A1 S A VR A I B
AIEC A, 4 13X 4010 5k el kb T 0.275 6~
0.465 5 I}, XJ7KH 5 FhE & RGBT E. # b
TRTC 7 i) 2% 1 3 PR B 7 FH T B0 B P S A B =
SR, ACHERTE] 4 h, LA S K 7S SR E S
. IR B, BRIEFRRSA BN HITEH R K,
W B A B R1T S5 0 P 24 R ) e S0 R A AU FE 0
100% . {HIX 3 Ff B 75X S Folr 0 4 Ja Mot ok s SR AR A
#=. B R EM. EDTA Ny L7, #4179
FLBLIR B, F T Wik PSR EGH+ 5 ME SR, 4
h WY EGHEMIES, Cu. Pb. Cd. Hg. As Y
E 43 3R 2 21.0%- 91.5%- 97.5%- 60.3%- 46.8%
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