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Feasibility Analysis of Removal of Alkaloids from Processing
Wastewater of Aconiti Radix by Flocculation
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(1. Beijing Zhongyan Tongrentang Pharmaceutical Research and Development Co. Lid. , Beijing 100079, China;
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[ Abstract ] Objective; To investigate the removal effect of 5 kinds of common flocculants on 6 kinds of
toxic alkaloids in processing wastewater of Aconiti Radix. Method: HPLC was employed to determine contents of 6
kinds of alkaloids in the processing wastewater of Aconiti Radix before and after flocculation. The mobile phase
consisted of acetonitrile-tetrahydrofuran (25:15) -0.1 mol+L™' ammonium acetate solution ( each 1 L contains
0.5 mL of glacial acetic acid) for gradient elution, volume flow rate was 1. 0 mL-min ', detection wavelength was
235 nm. The removal characteristics and effects of five common flocculants of ferric chloride, aluminum sulfate,
polymeric ferric sulfate, polyaluminum chloride/polyacrylamide ( PAC/PAM ) and sodium polyacrylate were
compared and preliminarily optimized. Result: The 5 kinds of flocculants had certain selectivity for different types
of alkaloids, and the removal of 6 kinds of alkaloids showed obvious differences. Among them, the PAC/PAM
attenuated relative superiority, when the pH 6, adding amount of 0. 25 g-L.~" and PAC-PAM dosing ratio of 30: 1,
comprehensive removal effect was relatively good, removal rates of mesaconitine and hypaconitine was 85. 4% and

58.3% , respectively. Conclusion; The flocculation method can be used as a pretreatment process to reduce the
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toxicity of processing wastewater of Aconiti Radix.
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demand ; orthogonal test
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Table 1 Regression equations, correlation coefficients and linear ranges of 6 kinds of alkaloids in processing wastewater of Aconiti Radix

i ¥Wix [l 5 5 it r LRI/ g
P B 1 Sk TR Y=1823.1X-6417.1 1.000 0 4.515 x10 73 ~451.5 x10 73
5 19 3k SRR Y=1484.1X -6 980.7 1.000 0 6.305 x10 * ~630.5 x10 ?
YR 12 S T Y=2024.3X-9324.0 1.000 0 5.910 x 10 7% ~591.0 x 10 ~*
S Y=1736.5X-10 115.0 0.999 9 6.025 x10 7 ~602.5 x10 73
R 3 R Y=1134.8X -6 491.8 0.999 8 4.515 x10 73 ~451.5 x10 73
N Y=1039.1X -8 128.1 0.999 7 4.705 x10 ~* ~470.5 x 10 ~*
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Table 2 Removal rates of COD and alkaloids in processing wastewater of Aconiti Radix by ferric chloride %
M e 0 ke mexwo wesw o SRS DRRG GURY
4 0.1 20.6 0 0 0 0 3.1 0
0.5 20.9 0 0 0 0 3.1 0
0.8 16.3 0 0 0 0 3.1 0
6 0.1 16. 1 0 0 0 0 1.8 0
0.5 28.3 0 0 0 0 3.7 0
0.8 26.3 0 1.3 0 0 1.2 0
9 0.1 17.0 0 0 0 -4.3 1.8 -11.8
0.5 25.7 6.2 38.5 1.2 -8.9 -1.6 -15.0
0.8 33.4 6.3 69. 6 1.5 -27.3 -18.7 -22.0

W 0.5 g L7 ik K AR, 29 20% ;4 pH 9 B,
COD 1y 2 BR 28R B B 198 B 30 o 2 ) 34 o s s A 3%
S, CEAR N 0.8 g+ L7 I RUR e i, COD 36
21.6% . f£ pH 9 I, I I I 2K 3 00 2 A=
PR S Sk A — 7 1 L BRABOCR BB T 3
PG R A e B L TR O

#3 WmEREXIISEEEK COD FEMTER DM EBRE

Table 3 Removal rates of COD and alkaloids in processing

wastewater of Aconiti Radix by aluminum sulfate %
i GO0 KM G e s
4 0.1 14.9 0 0 3.7 0
0.5 14.5 0 0 3.5 0
0.8 12.2 0 0 1.7 0
6 0.1 10.2 0 0 2.6 0
0.5 20.5 0 0 1.5 0
0.8 19.3 0 0 0 0
9 0.1 13.3 2.3 -5.1 2.0 -7.0
0.5 20.8 19.0 -31.0 -12.0 -15.4
0.8 21.6 26.2 -26.8 -25.8 -35.1

T 5 S B T 5 Sk B Y 22 BR 20 0,

2.5.3 RAEMMRY: WER4, SRRV E pH M
AR YA LAY 1S i, COD 2 R R He A 5t g 3%
1 T A S A B AR B AE pH 9 FIER A B
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BB AL TR A A T B 55 e O Y A= 0 e LA 2
RO 78 R G R Ak 0 2 A [m] B, 5 3k e BT Sk
B R Sk e e 2 BR R A Ak F 5. 0% ,75.1%
67.5% o X HLRR Y AR Wi 2R BT 2 Sk A 7 R M
GG T WA B 5 MR 25 A SRR AU 2 el 1) 2
R ZBG I, AOR H e 2 Sk I m 7 2 45 1R i 4%
i H 0.8 g- L A RBRECR
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TEAAIKF | COD (1 LR FH <15% AR T Lk 3
FhH A2 EE . R COD LR AR EE (AT
pH=6 By 51T , XUBR 2 A 9 6l o 2 Sk B 25 B
RERAE 55% Lh b, Hode K X B % 85.6% B AE
pH 8, PAC/PAM #% i i 0.25 g+ L', PAC-PAM
(40 1) B ; ¥k 2 3L 5l 25 BR 32 7E pH 8, PAC/PAM /il
5 0.15 g- L' PAC-PAM (30 : 1) i ik 3] % K {H
81.7% o AW LBk I8 AE pH 2y 2 Fl 6 i} XA
i FBR TR SRR AR L3 B BRI AL A ) e
WA BT

2.5.5 RNKIRM UWR 6, R RHRNKEMR
WAE AR TR BRI 2514 F COD i 2 BRBUR AR 22, HL
FEAR b RN R R BRSO 2 RN
95 TR M 0T LI 2R A6 ) B A — o Y 25 BRAIOCR , Ho
L S B AN IR 2 3K B 1Y e K 2K B 2643 0l Ol 69. 6% Al
43. 1% B A 5 5 780 A6 40 v 2 FE I % S i ek

PERAS = 7
3 itig

3.1 =EALBRERBERCR 0 fERME S F T COD
(19 25 B 0CR A = S AR R B i 22 Rk G & i AE AR
BRSO R BRBCR T . X EH T =%
PCERTE AR P BEATOK M 3R & I Y B2 b B A% 4 5%
WEEHN WS HMEEY, [ Fe(OH),]",
[Fe(OH)]*",[Fe, (OH),]*", [ Fe, (OH),]"" 4,
MR IX S 5 Wy d o L PR TP R B AT A
REHEAT I AL 11 25 B, BB 2% 2 e b X SE L
Y A0SR G W0 A B, SRR 2R M T = A B A
BN I H K COD, FEARME 2T, = bk
X B TR A ) R A T AT 2R R A T AR T A R
AT, R B AR Y 2 BR R B GOE K X T e
T T AEBRAE A5 PF T, OUS 2L AR ) 68T fE K i 4% 1k
JoK Ay BT 7 A Ay , 2 TR A% B R TR A R R
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Table 4 Removal rates of COD and alkaloids in processing wastewater of Aconiti Radix by polymeric ferric sulfate %o
pH B;ff‘? ) 35, CICE B SPN ;fﬁv% ziﬂéz}f tiﬁég
2 0.1 14.0 0 0 0 0 4.8 0
0.5 15.7 0 0 0 0 4.5 0
0.8 18.0 0 0 0 0 4.8 0
6 0.1 19.0 0 0 0 0 4.0 0
0.5 24.7 0 0 0 0 3.6 0
0.8 28.4 5.0 0 5.6 0 5.0 0
8 0.1 16.5 0 75.1 16.0 -24.5 -16.1 -16.1
0.5 24.7 0 50.0 21.0 -24.4 -18.1 -18.0
0.8 38.2 5.0 17.8 67.5 -8.9 10. 4 -18.0
&S5 PAC/PAM 432 )I| BAFHIS KR ER KBS
Table 5 Orthogonal experimental analysis of Removal effect of PAC/PAM on processing wastewater of Aconiti Radix
A B c EBRE/ %
Yoo I pean con sk e e RWEEE kAR
Bt /g L 15 3 J5 ik 15 3 I 53k I
1 2 0.10 30:1 10.2 0 0 0 3.0 0
2 2 0.15 40:1 7.1 0 0 0 2.3 0
3 2 0.25 50:1 5.9 0 0 0 3.7 0
4 6 0.10 50:1 4.3 75.6 14.4 0 0.9 0
5 6 0.15 40:1 2.7 55.9 5.8 0 2.1 0
6 6 0.25 30:1 7.4 85.4 58.3 0 2.4 0
7 8 0.10 50:1 4.9 76.3 22.9 -35.6 -32.1 -27.4
8 8 0.15 30:1 8.4 57.3 81.7 -14.9 -24.7 -22.1
9 8 0.25 40:1 13.0 85.6 19.3 -41.3 -32.3 -25.0

T Bk i 5 BRI 0,

x6 EREBMIIZHEEIEK COD MEMRMER S HIERE

Table 6 Removal rates of COD and alkaloids in processing

ok COD il 6 Fift A= My B () 25 BR AR ¥ A4, Bk 3L
T At S b A= Wy 07 AR B 25 1 T SR A A £ Bk,

wastewater of Aconiti Radix by sodium polyacrylate % HITERME ST 3 FlE Wi o i B TR

ol ’ﬁf‘fi? COD BN WM gigg B, BT R TR R TR A —E W

T e o - e pH 6 FEl P4 3 B % A Ak A J2 I 7B R R £ K i 5
0.5 ~37.8 0 0 1.2 Pyt (E R R A R B — A R AR SR AT

08 -402 0 0 3.9 3.3 BOMMBEENEMNT BAMMKEE

6 ol L6 650 431 2.2 92 55 I S B 1 K 7 7K 1A v K -2 - I O

vRooEe e e L 4 P ARG TR I LRI pH R R

TE 5 3B 2 L 1 Sk i LA R T I UK % Sk R 1T 2 B R 0
H 0,

S s R VLA R GE T A R b BRI K 45
W SCRFX —HE BT 8 H R A, = S A Bk B A8 KL 1Y
B HCPE SR, I ELA IE AT 2, AR A R OOUH )2 R
A s L LAy o B i G R A, A A L AR
MG G R T A VL R A B B 85, T R U R A
Py L AT K S o

3.2 WA R EERCR 7Y
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WAL, FEBRME PR, LS L AR W b B TR R R
53 SR AT — 2 5 1) 2 BR A AR 2 B 6 K B
B 750 A 0 B AE P PR B T s AR KR O o R HH TG
B0 S e R 1 RN R T R B A R B s B, R
B A ER AT fe ot H B R n LBk
3.4 PAC/PAM Z B b A rpECA
T PAC 1 PAM, H rft PAM 2h 8 1 B 22358 71,
PAM 7345 & A — 8 B A% Pk R A, L R i ik
7 = e ST R T S YA Rl 1 B S Ve T P
LT R R T BRI R R L . T
PAC 76 R[] pH F & 5B H [Al(H,0),1°", [ Al
(OH), ", Al (OH),, [ Al, (OH) , 1*", [ Al
(OH) ,, 1*" ,[Al,(OH) ,, 1** FI[ Al ;(OH),, 1" %4
JBT , 33X ) BT Xy % 5 e 2R RE 1) R A T AE Y — B
PAC/PAM ) 354 pH 6 ~ 8" 3 5 A B 53 1 45 16
FHIF . IESC IS 45 R W] 1, 78 pH 6, PAC/PAM 4%
fnfEk 0.25 g- L' PAC-PAM (30 : 1) I, JI| & & 7K
WP S B O e B BRACR et . SR AL
TP 1) 2 K E 2400, A BB M S5 78 R 3 b BT A
A= A R BT S RS L X R i S AL T A
OH ™ 78 )11 & B K W A7 7E B 4 A 8 A 56, HR R iR
W Bt — 2 R AW GRS AT .
3.5 BAKmMZEEMRE SN B R W
(CyH,NaO,) fE R ME A5~ S B A= i C,H,0, FiI
Na™ 01 C,H;NaO, 2Bl R 728", HAEH
AL ) B 2 P 22 5 500 L R A vl s A e R S 1
AEBBEETTTE o VRV U I 2 38 2ok 22 9 5 A e A4 1y
F, A7 F RSO, R IR SRy o 38 3 A 2 f
i 1) JSE A UKL, D 38 o A 36K ATL ) > 3k 3 4 0RE TT
BT AR SO 4R oK, R PE A& 1F T COD
L ERBOREAR 22, H A0 dk R S PRACR M 2E . X
SR R SRV I R B R 1 B ) 1 A AT LA, R
K COD A7 A %) 2 Bk, i R B & fg 7= 4 COD
I A7 S 46 o i & 9 COD Ft &5 . 1 B T PAC/PAM
MRN8 T o> T A LR BN, HxF 6 A
A P ) 22 R L T R AR AR [, X R TR A ) A —
I R BRACR

1T E T TR ] i K Ab B F 5T
T, RV B A R T 5 e i) R K e Ak B
B AR IR AL X5 W LR 5 K AL B IE AT T &
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