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Atomic absorption spectrometry for detecting metal element dissolution in Angelica dahurica following

different extraction procedures
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[ Abstract| Objective To apply atomic absorption spectrometry (AAS) for studying the differences in metal element
dissolution (Cr, Cd, Pb and Cu) from Angelica dahurica following different extraction procedures. Methods The above four
elements were extracted by water extraction and ethanol extraction methods. The water-soluble fraction and suspension fraction
were separated from decocted solution by microporous filtering film; the water-soluble fraction was further divided into organic
fraction and inorganic fraction by macroporous adsorption resin. The total contents of Cr, Cd, Pb and Cu and the amounts in
different fractions were determined by wet digestion method and AAS, and morphological analysis was conducted. Results The
extraction rates for the four elements were in the range of 25. 14 %-49. 62%, with the sample recovery rates ranging 96. 09 %-
100. 43% and the relative standard deviation (RSD) being <{3% (n=6). Dissolution rate of metal elements by traditional water
extraction method was low. The extraction rates of Pb and Cu by ethanol extraction method were higher than those of the water
extraction method. Both in water decoction and ethanol decoction, the contents of four elements in the suspended species and
inorganic species were higher than those in the soluble species and organic species. Cu content in organic species in water
decoction was higher than that in ethanol decoction (24. 33% wvs 13. 57%). Conclusion The metal element dissolution from

Angelica dahurica can be decreased by optimizing the extraction method, which finally leads to reduced toxicity.
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T2 [ O S JE BERE Y B IE Angelica
dahurica (Fisch. ex Hoffm.) Benth. et Hook. f.
BT Angelica dahurica (Fisch. ex Hoffm.)
Benth. et Hook. f. var. formosana (Boiss. ) Shan
et Yuan B, 005 - R L RGE . HA AR K
TEEM ST R Lk R XU LE AR T e R A 1 2
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T A B 5 5 N R T s 1 2R i e R

UEAEA , Bl N3 Sl A ] AR R )
LR ORI L ke 19 E 4 JR O W S I 7 1
T JE AT b 7 A b IO R AR )
TG AR it H 235 Z A1 0 2t T
B E A T EORIR T I A AR Y L A Tl 2y
PO T AR I & R A e 2 R L 2
FAAERYA 48 B OT R 1 & & AR B (0 A A Y
FEPELEBOR  HHAE T 254 A B 25 S e 1
HEANKRME D) TR, — H2Gphh i 6 s &5
BIR » 2 o R P 8 A AR ) AR AT R ok
B iy A RE T, AT & A & B W R A e
FU L IRy — R A EE N ) ARG 2
s T2 s % HE R 45 S A o o A T R A O
). ABEFERBL, SR A [R] A4 U7 1 2% i 2
o Gy AR B A A DR S R T T
SRRV L R 22 SO A TR H 3BT 125 6 | 1 24 4 D
HAEEEL ., B2 o g i 0T 22K
RO T 5 e B HAT 0O o3 2 0 I Vs 1 Al
A3 H R R L OR B BRI AT R R AR
117 [ HIF B SRAT ST B 1 0 B i S 48 s ot
FHEATRIFFE S AR DL K R 32 R R R 12 X 24 4 v
AR ICR AL S A R IE

JEF W U Ot 3 ¥ Catomic
spectrometry, AAS) 3 FFH FHEM T isE SR T
A AT ARG PR 0 sy L R
A R TR AL . FATR AT AAS WF5E H iR

absorption

[Acad ] Sec Mil Med Univ, 2016, 37(7). 846-851]

&R T Z KRR IOT ¥ OK S MBS X H
TP RV 2R 5 O T Y 24 2 A Rk —
IR RIS %

1 #MEFTTIE

L1 ME B AAT000F/G Jg+ I O 15 AL
(HABEAFD 4135 GEA-7000 £ 240 25 4k 22
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s SR 1. 8 L/ min; KIAEE 7. 0 mm,

x1 ASPEWNE Cr.Cd 71 Pb WFRERF
Tab 1 Graphite furnace atomic absorption spectrometry

analysis of heating procedure for Cr,Cd and Pb

Stage  Lemperature 0/C " Tine  Heating Gas flow
No. Cr Ccd Pb t/s method v/(L s min~!)
1 60 60 60 3 RAMP 0.10
2 120 120 120 20 RAMP 0.10
3 250 250 250 10 RAMP 0.10
4 800 500 700 10 RAMP 1. 00
5 800 500 700 10 STEP 1. 00
6 800 500 700 3 STEP 0. 00
72300 2000 2000 3 STEP 0. 00
8§ 2500 2400 2500 2 STEP 1.00

1.4 A tEwm&eg%s  Cr.Cd.Pb fil Cutpig
RAM RS S VAT FE Xl 1. 000 g/L, ¥4 IC K
&I 1% HNO; %5 0% 9% i B e il ok 4
1 mLA35]4 Cr 0.1, 0.2. 0.3. 0.4. 0.5. 0 ng., & Cd
0.0.2.0.4.0.6.0.8.1.0 ng, % Pb 0.2.0.3.0.4. 0,
6.0.8.0 ng, 7 Cu 0,400,600,800,1 000,1 200 ng
IR SIBRUEIR I . 1% 1. 3 TR B9 E 4 S XA v
WA TINE » FE ST B T

1.5 WESIAE

L5.1 aitdg4BrziENNeE HBRHEIE
JRAEZG A 1.0 ORI 0. 1 me), BT 25 mL 5Edf
Hr, A 5 mL HNO; 11 mL 30% H, O, , Bk it
o KHETHRY E AT, NG R P
VEROB L BT 2 e kS R Ok 4 24
1 mLEF 48 IR B E BRI E L 1% HNO; &
T 10 mL B, R A28 . FTERE S
il e 5 y. A AAS I (I IR 250 4% 42 s o
EQIRSN N

L.5.2 BEAMBAEMAGHERARTET
ZWEaENE HIEAEFEAEZM 20. 0 gOF 2
0.1 mg), BT 500 mL AL A 200 mL %
BFK IR 30 min ZE45 . SRS N ERE] I A
PREFRGHE 30 min, RAG EC A B RS 25815
B . PRARZ5B TN 200 mL 25 85 FK. 4% Bk
R G ERAE 2 I ARRAS RO = RO A3 201
3UKB A )G - BT T0°CKB R k4 . R E1 &
FiE R B FKERT 500 mL A5, AIfE
FIE L3P BRBOR . BUBHEBUR 50 mL &%

ZILT 4% 15 1 IR P BRAEAT I f# o - AAS I E
IKFR A LR & .

W R A i) 6 5 8k S [RDK BT . AR R
TR ARG SCIR ™ 2 7% AR SR R IR 9506

MBS AR IBUAT . K B A MR R A P AT
il % 5 1

153 MAFTEAMEFANIBI RETE
Byl g W5, 2 BURKAGK 400 mL, findavk
45 F T HOA TR INGE B ICK O REE A B8 42 (B
TL5E4) P A 30 min, B0 (2 795X @) J5 » fin#i
P LT TR FH 0. 45 o BFLUEREHITE , IR
228 FREZAZE 400 mL, B 57K BT AT A5 0T
BOK Far A 250K 200 mL, Z8 & BT, 4% 1.5, 1
TR A BT WS AR5 » AAS 58 45 70 2 A6 K DR A]
wAPE . FKAGRH A ITER A& R AT
AR &R ROy BIE SR A,

BR1L5. 2 UR PR 400 mL, Ak 45 2 Jo iy
WRJE S 0. 45 pm GFLUE IR , BB WO 2585 7K E
A% 400 mL, RIS EERT AT AN IR . RS R AT IS A
I 200 mL, 28R Fir T, 4% 1. 5. 1 WU F B Rk 47
THMRFS » AAS I E #5 JC R AE B FOR AT A8 v iy &
it BRI 25 0 A0 A B il K AT A Y i
R S 5 i
LS54 TAESFEINSFENANL2B RETE
B4 EE  BL 5.3 IR KR AT A 100 mL
YT RAZI 4.0 @ IFAHAR 2 10 mL, i )5
A5, 0 mI/min [ 370 3 58 55 W56 48 9500 S RER IS
BOIEFSlK sk iy D101 KL BEAE. 1%
HNO; D) 5.0 mL/min 3 T Pem S VE B
ARZPT 4% 1.5, 1 WUR D BRIAT IS AAS T
ERITCR KR AT I LA & &, RIEHH
700 LA 5. 0 mL/min [ 37 S PEAE - WCHE VR
WL ZER T 5 1.5 1 T R AR T %5 . AAS
M8 & LR AR R R A LA & it

BRI ] IR 25 T JCHLAS A HLAS B 20 s T Hom) 52
TIERDK TR

2 & R

2.1 FEFER

2.1.1 4 BLEzMEETRE. BHAFREMEX A
#  Cr.Cd.Pb 1 Cu 4 F4: @ e R LM B KK
H:0~5.0,0~1.0,0~8.0,0~1 200 ng/mL; [8] 5
RS MEELRBIKK H:Y=0.112 5X+0. 001 3
(#=0.998 2).Y=0. 234 4X —0. 000 2 (> =
0.997 8).Y=0. 017 9X40. 000 8 (+*=0. 998 3).
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Y=0.000 1X+0.001 2 (+*=0. 998 8), H:f Y {03
Fe B X AR RARUETS RO T

2.1.2 BEE5mEEKE BN Cr.Cd.Pb
1 Cu 4 BT bR ] 15 7 68 B 0
HE 13 i TAR &R I 6 U, T A5 RS o

(RSD) g 0. 54 % ~2. 86% . JNFE [ 3 52 56 45 S
W 2 FT7R, £ 70 (W JEE [BLCRh 96. 09% ~
100. 43 %0 » AR J7 VARG 5 B 45 v B 4T 5 B 1
JESE R HTER

R2 BEETEMMEELEKE

Tab 2 Recovery rates of four metal elements

n==6

Element Concentration pg/(ng * mL™1) Added pp/(ng » mL~!)  Determined pg/(ng + mL."1)  Recovery (%), ks RSD (%)
Cr 2. 861 3. 069 5.919 99. 642,92 2.93
Cd 0.441 5 0.590 1 1. 034 100. 4342. 80 2.79
Pb 4,164 3.979 7.987 96. 0942, 41 2.51
Cu 815.7 1 060 1 862 98.7142.93 2.97

2.2 AXFLBAZEMESHMNEERANE S
#r A4k Cr,Cd.Pb #il Cu 4 FocRAE R 2k
B A ke (40954, 49 £ 116. 88) . (9. 43 &
0.65).(56. 6044, 54), (11 956. 004781, 20) ng/g

(n=5), & 3.3 4 73 HIFN T K5 % R4 ok o
B BEITR BN S BNE LR SIS E L
BIRAR L XA ICR IR,

®3 KRZFAMERTERARAHESHSEMEHSERLGIXR

Tab 3 Contents of four metal elements of different morphologies and the ratios of each morphology by water extraction method

n=>5, rts
Element
Specie
Cr Cd Pb Cu

Decoction wp/(ng * g~ 1) 1407.11£28.79 2.37%0.11 19.79£1. 21 4 047, 00452, 15
Soluble species wg/(ng * g=1) 272.78+10.55 0.25%0.02 3.11%0.12 448, 00+46. 89
Suspensible species wp/(ng* g 1) 1 134.33£22.54 2.1240.10 16.68=+1. 19 3599. 00490. 86
Inorganic species wp/(ng *+ g~ 1) 140. 3348. 07 0.23740.02 2.1540. 15 299. 50421, 24
Organic species wg/(ng* g 1) 117. 84+9. 00 . 0.797+0. 04 109. 00+6. 52
Soluble species/decoction (%) 19. 3940. 55 10. 35+0. 70 15.71=£0. 99 11.07=+1. 26
Suspensible species/decoction (%) 80.61+0. 55 89. 65+0. 70 84.29+0. 99 88.93+1. 26
Organic species/soluble species (%) 43.20+4. 23 - 25.52+1.18 24.3342.02
Extraction ratio (%) 28.40+£0. 24 25.1441.03 34.97+3. 39 33.85+2. 61

-: Not detected

x4 BERZIAMEBARAAESHEIEMSHSEMLGX R

Tab 4 Contents of four metal elements of different morphologies and the ratios of each morphology by ethanol extraction method

n=5, ks

Element
Specie
Cr Cd Pb Cu
Decoction wg/(ng * g~ 1) 1 490. 13£69. 14 2.63£0. 24 25.61%+1.10 5 932.00498. 84
Soluble species wg/(ng * g 1) 309.76+11. 80 0.3240. 04 3.147%0. 30 626. 50420. 64
Suspensible species wp/(ng + g7 1) 1 180. 38+68. 10 2.31%0.21 22.47+1.02 5 305.50+84. 32
Inorganic species wp/(ng * g~ 1) 156. 2744. 22 0.2940. 02 2.36%0. 06 529.00+13. 87
Organic species wp/(ng * g~ 1) 144.6245.78 - 0.7040.03 85.00+£7. 29
Soluble species/decoction (%) 20.7941.09 12. 14-+0. 87 12.25=+1.05 10. 56+0. 24
Suspensible species/decoction (%) 79.21+1.09 87.86+0. 87 87.75+1.05 89.44+0. 24
Organic species/soluble species (%) 46.69+0. 93 - 22.16+1.91 13.5741. 16
Extraction ratio (%) 30. 08+1. 31 27.85+3.53 45.24+5.03 49.62+3.53

-: Not detected
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RIS & I

ARSI EN, B M P IS & &JRITR
RN 22 ) AR, Herp Cu i1y B i B » 5 SR 46
R 5 Hovdie Cr Pb Cd AR B, 7EFEHUH
4 7K VBRI BEE RV 25 T 3% 1 Jo o b 2 L AR
JeE Cu it i L e, HAR % Cr Pb, Cd AR B
% B TC R TERE BB 9 ot i b 2 K R, W]
W FIE R M h & R R R S AR E S
TR IRA N i BEAAFAE— B XN R
T2 73 R FHK S s s S k4R 0732 4 Fhoc
RAMILRR BT LT A, & 0 R AT A BT
SHTCHLS & BB 2 m Tk TR Cr
TEREHRIT A HLAS T LK 3235 &, T &= Pb Al
Cu 7E/K RIS =, TC R Cd 194G B U 7 9 o 42 B
T BIARK . JCRIEA RIS b i T i b 22 55
FIRE 5 HAE 250 A E T 25 DA S A B 501 114 1 e
K,

HIE M & T R R IE N 25, 1400 ~
49. 6200 s /K B AIEESRTE PRI Hy g 2K 20K
& Pb.Cu,Cr,Cd #1 Cu,Pb,Cr,Cd, ifij 2§ 44 th 5T
2SS B2 Cu Cr Ph, Cd, BB I 25 44
H T E R Y B AR AN 58 42 5 M FLAE RV P A 7
o TN AR IR AR YIS AR 25 ] RE
BRI AR R R 2 1, 6% Cr
I Cd 7K 4 325 1 $ R B BT 43 AR 1. 6824
(28. 40% vs 30. 08%0) I 2. 71% (25. 14% vs
27.85%) . JuE Pb Ml Cu /KL% M PR BCR L3
I3 UK 10, 27% (34, 97% vs 45. 24 %) F1 15, 77%
(33.85% vs 49.62%), JCE Pb Ml Cu 7Eff FHE 42
P SRR U] A AT RE R X IR T R A G
OAAX fAT AL, S O AR I B R R rh B TR A
Vi PN 25 B 7R B AR o HESR R K 2 85 I BB I 5 1%
H

TEAIEL A R, JT &R Cr A Cd /K RIS ]
VA L2 IR T EE R L. 4020 (19. 39% vs
20. 79Y)F1 1. 79% (10. 35% vs 12. 14%),J6E Pb
F Cu 7K JW S AT 25 0 6 D0 43 0 e T B R
3.46%(15. 71% vs 12. 25%) Fi1 0. 51%(11. 07% vs
10.5620) . JE AT RESE : FHEE 4RI Cr #1 Cd iy ]
A H B2 M g RER, m Pb Al Cu (19W]

VA B B R TE DK B B 4 22, PR T 5 5
KR . oI /K48 A4 » #5 70 3 18 BUIR P Y B
BORYE TS, XTREEH T HIEZ M 1K
YRR RV LA A P VR RSP B8 e A 1 i 7
RO B I A rp R e 2 3R AR AR Y UKL I 1
TR,

PRI & RIS, TR Cr A ML TERE
FI A /K B 3. 49%6 (46, 69% vs 43.20%) . Pb Fl
Cu [ LA 78 7K BT B 48 BE R 43 50 = 3. 3620
(25.52% vs 22. 16%) Fl 10. 76% (24. 33% vs
13.5700) . Cd AL RK . F TR LK PR
BRI A DL I & 53/ 5026, 7 2 F 8L
B RUE TR FETH S FRAFLE. DR
2R« 25 R 2 13 AR L A3 5 R T
FAM AL A Y . o Te R AR A RN
Z IR G AH A WL 25 IR AT B S AR X T
e, A1 T R LB A A P9 S B DT P2 Y,
WA RAGR AN IES 5 25 M i iy W o8 LA
A LA Gl A SR IO BRI i A R T R
T ICHILAS Y L S I REEATR T 25 1A P

fegerb B v T & s N IR 5 22 R ATK R
Y7 S TN 3 0 P 4 8 28 L 1 4 BB >R
IKZEIRZRNREE A SR AL A4 IO >R FH e b
Bl LN . 2 B BIFSE 1 SE 30 45 51, JF 2% 1 3
G JE X AR 116 F P AR G K S R (5 5RAB
187 T 224 DB IR 2 SR BRAT 2R 25 B 1, I
S R G R I LR TR R DA X R T

ARSLEG R AASlE T Cr.Cd. Pb 1 Cu 4 Ff
TG R AE F I HP 04 T B /K R0 R B R v 1) IR
Tt LU 7K RV Pt IV T U A A R PR A D S AT
A HLAFITCHLAS 1 BT L, 5 125 1] B PR O %
JE v R SRMERA L W AT R R DLy A R T 2
LA BE— T R RIS
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