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Determination of Cadmium and Lead in Different Chinese Herbal Medicine by
Separating and Enriching With Sulfhydryl Cotton-Flame Atomic
Absorption Spectrometry

FENG Shao-ping''? , HUANG Zhao-long'? , LI Zi-jing"? ,LIU Wei'? ,XIAO Rui-min''? ,JJANG Yan'’
(1. School of Science, Honghe University, Mengzi, Yunnan 661199; 2, Key Laboratory of Natural Pharmaceutical and Chemical Biology of
Yunnan Province, Mengzi, Yunnan 661199)

Abstract; Taking Panax notoginseng , Aucklandia lappa Decne. , Rhizoma paridis, Poria cocks and Rhizoma coptis as
materials,content of cadmium(Cd) and lead(Pb) in 5 different Chinese herbal medicine after separating and enriching
with sulfhydryl cotton by flame atomic absorption spectrometry (FAAS) were determined, the enriching and eluting
conditions were studied. The results showed that the precision relative standard deviations were between 0. 34% and
2.86% for determining of Cd and Pb by this method,and the spike recoveries range from 96.32% to 103.70%. The
results indicated that the method was reasonable well for determining content of Cd and Pb in Chinese herbal medicine.
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ANH; #1 NH, " BEXFEME TR A ET,
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JIR B M B (U SR/ Nt e T K A A 2N .
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ARG A Excel #4040 BILRAEE , BOR
&Y | 4 HEVR AN TC R R - S A b B R T
PERAS AL SR SAS 9. 0 B HEAT B8 I F 7 249007,
HCER 2 AN - VR B o S8 T BB 8 R IR R
ZEOHT O AL |+ R R B A& e T H 2 8] Y
Pearson #1362 % () FI SAS 9. 0 B4 DT, Lk 4y
Wit B KR & R P<<0. 05, 4 i MK E N
P<0.01,
2 HRE5SW
2.1 FUFERIVEBCEARPR 145 pH {251k

B 1 ATAE H, Frd — A 22 5L RE P, 78 R
JEH 0~20 cm B, = H 2 MR Pr 1 pH Jy 7. 50~7. 82,
HIHEXTIE R 7. 07~7. 22; 78 W E K 21~40 cm
Af, = H 2ARBs pH &y 7. 53~7. 83, I H F Xt HR
7.03~7.17, SAS #43Hr2RBH pH ERIL I B3 2%
5 (P<C0. 0001 , ¥ B - (i) M 480 75 0 = R U B 43 #7 3%
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Fig.1 pH values affected by three intercropping pastures at
two depth levels

Note: pH values were close or equal when symbols of soil depths were
close or at the same high level; symbols of soil depths were also used in the

following figures.

HE 1A, FEERRMBERENRE S, £+
HEREE R 0~20 cm B, FBRBCORAR R + 58 pH g 7. 04~
7.15, B FARPR £ 3E pH Jy 6. 83~7. 43, H G X
R 7.07~T7. 4278 H3EIEE R 21~40 cm Af, BRERRPR
+3E pH K 7.04~7. 48, B E FAR R+ 3% pH Ky 7. 35~
7.85, HLTCHR BN HB Hy 7. 37~7. 67, SAS B4 B
pH (EFEI M 5 &2 5 (P<<0. 0001), Bi K F 4 #r = B
FLBORA + U BE #R % 3 pH (B i B 2 5 i (P<
0.0001),

HRYESHTEE R, T LA HE W7 B #OR 7T + 3 pH
PR, —H 24 458 pH frpdtt: , B B X + 3 pH
MAERK,

2.2 B VR B AR PR A M B R R AR R

2.2.1 FUpEEREAR PR IR AR AR L F
M A 2MAE S, 75 LR E R 0~20 em B, — H 2
WRPR AN 2. 60 X 10" ~5. 52 X107 CFU/g, T4k
EXFHE R 1. 05X 107 ~6. 66 X 10" CFU/ g; 7€ + IR R
21~40 em Bf, — A 2 RBR L E4AE & 0.51 X107 ~
4.47X10" CFU/g, TLHFEXF IR A 0. 28 X 107 ~9. 00 X
10" CFU/g, Pl R BOR MR E EHRLEH, 7 IR

FEH 0~20 cm A, FRBRIRFR - I &y 1. 12 X107~
4.06X10" CFU/ g, B3 B MR FR 40 & 7 0. 90X 10" ~
3.86<X 10" CFU/g, Jo 4 B %F & &y 0.96 X 10" ~2.74 X
10" CFU/ g; 78 + 38 R 21~40 em B, RRORAR PR 118
Y 0. 90 X 107 ~22. 40 X 107 CFU/ g, B3 B iR pr 1+
BT R 0. 40 X107 ~2. 26 X 107 CFU/ g, oMU EE St B g
0. 36X 10" ~30. 00 X 10" CFU/g, SAS #4347 75 B 40
KBS E LB E 2R (P>0.05), BN T £
B HACER R - SR %o - 40 P 4 R TG 3 AR (P>>0. 05)
(E2A), HE 2 AT41L7E 0~20 om [ H3EWREE , — H 248
PRt EEEER I £, R EBORE D 7 21~40 cm 1)
TR, 3 R RIE R AR PR B R IR A B
2.2.2 FERVEROEARPR TP E BRI AL FhiE
T H 2ZHBE A E R R 0~20 om B, — H 2R BR
HHEEEHRSH 0. 02X 107 ~0. 14 X 10" CFU/ g, 4B % R
37 0. 02X107 ~0. 08 X 10" CFU/g; 7 +- IR B Sk 21 ~
40 cm Bf, — H ZARBR HEEE &y 0. 02 X107 ~0. 14 X
107, Toak B BB K7 0. 02X 107 ~0. 06 X 10" CFU/g, SAS
RS EWAEFRRERIT ¥ L LB ELER (P>
0. 05) , B P 43 A7 22 BA [RI VRO AN H 3 R BE X B 2
To i 3 AR (P>0.05), Flil R BOR FBE B LR
o 7E TR R 0~20 om B, REGRMRIR H A BB
7 0.18 X107 ~1.30X 10" CFU/ g, B3 B MR R+ EE
B4 0.02X10" ~0. 26 X 10" CFU/ g, To4 B Xf BE A 0. 02 X
107 ~2. 00X 10" CFU/ g; 7 +- 3 Jg 21~40 cm A, B
BRMF TS H 0. 02X 107 ~0. 36 X 10" CFU/g,
R R B R 0. 02X 107 ~0. 28 X 107 CFU/ g,
ToHr B X BB R 0. 02X 107 ~0. 14 X 10" CFU/g., SAS
RS ERHERBEES TS AR ELER(P=
0. 0233<C0. 05) , I Forir R\ L EREXN EHHER B
M (P=0. 0163<0. 05) , M AI/EA M B8 T 5%
A (P>0. 05) (& 2B),

2.2.3 B RIVERORAR bR 1 58 HP OB B SR 1 ARk
FiAE A 22 B4 L 7E IRV 0~20 em AF, — A
AR PR AR B R 4. 10 X107 ~10. 00 X 107 CFU/ g,
T BN R K 0. 60 X 107 ~5. 80 X 10" CFU/ g; 7€ - HEIF
FER 21~40 cm B, = H 2ZARPR HIE LR FE &M 0. 20 X
10" ~2. 40 X 10" CFU/g, H o4 F X} fE R 0. 12 X 107 ~
0.72X10" CFU/g, SAS #H44r#rit& E B 7E G2 |k
M i 2 2= 5 (P<<0. 0001) , B§ B ¥ 43 #7 3% B [B] 4 450 0
U X 2k A B A A B 3 R R (P<<0. 0001),
FiAE BRI B2 L 7 R R 0~20 cm
A, RRRAR bR 1 R B & h 0. 20 X 107 ~2. 78 X 107
CFU/ g, B RARER T3 A& R 0. 56 X107 ~6. 76 X
10" CFU/g, H J6 i % X B oA 0.52 X 107 ~ 3. 78 X 107
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Fig. 2 Variation of numbers of bacteria(A) ,fungi(B),and actinomycetes(C) affected by three intercropping pastures at two depth levels

CFU/ g; 76 + 3R BE 7 21~40 cm B, RBGRAR R 43805
LHEE N 0.08X10" ~1.70X10" CFU/g, BFEHRFR L
HERR B 0. 22X10" ~1. 30X 107 CFU/ g, H: T6 4k B %t
HB 7 0. 36 X 10" ~2. 78 X 10" CFU/g, SAS #4453 #r %
AR RTES T2 BA 2 57 (P<<0.05), B K F 43 #r
2 HA [RIVECR X 26 A B TG 8 25 B0 38 (P>>0. 05) ; +- 3
BRI A BA B AR (P<0. 05) (B 20), [FAT,
AR RPITE 0~20 em 1 H R, — A 2 Fr+
BHAHBEREZL T 2 PR 7E 21~40 em 19 £
B, —H 2R HIERAE RS THE 2 #iEME
B,

2.3 AL A VEHCRAR B 38 2o S Ah 0 Tl R DR B 1 F
4L

2.3.1  FLPE ] VR4 FEAR B 4 83 A b Wl I M 0 AR
b 5 AR Ak A i O T Ao R Ak B R IR
FEMEW E (B 3AB), FhiE — A 2 M5, 78 + 45
WBER 0~20 cm B, = H 22 MR bR 4 3833 &4k 9 i 1
PR 1.913~1.991 U« g ' « min~ b, H J5 4 25 % B
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H 1.479~1.863 U+ g ! « min ' ;7E HIEIREE K 21~40
cm B, — A 22 AR BR 130 ALY R TE R 1. 140~1. 835
Ueg ' o min ', THEXTHE R 1. 238~1.842 U g ! »
min~ ', SAS F{A5HrR B S Y B TE HETES T b
A EERP<0.05); FHF oI RPAEIEZA 2K
Fr 1451 E ALY TS R A B AR fk (P=0. 0307<C0. 05) ,
TR BE X aok SR AL g I A A e 2 5 (P<<0. 0001)
(B o, MERBORABE AL S, 7 LR E R
0~20 cm B, FRBCRARPR + 380 S ALY BEE 1 1. 287~
189 Ue«g ' » min ', BEFIRE 553 S W 15 1
H71.209~1.572 U » g ! « min~ ', TTHCEXFHE H1. 543~
1.956 U+ g '« min '; 78 3 E N 21~40 cm B, 7
BRI b + 4 o A AL Wy Bl I M D 1.351~1.743 U -
g ' e min ', JBEZ FARPR g A AW T M R 1. 458~
L970 U+ g ' » min !, TCAREEXF BB H 1. 615~1.977 U »
g ' e min ', SAS {4 Hr R YIS ETES
2 B A B F (P<0. 05) ; 7§ B 4317 32 B (Al 4
WHRRR T EL A BEEAEREEZAPL

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn

wF @ ¥ 2014013):165~171

- SRR -
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(A 5 R FIHREE Hy O bRAEW (0. 01%.,0. 02%,0. 03% ,0. 04% .
0.10%.0. 20%.0. 30 %0) JB A [l v BE A R S AL & 405 (B) — A 22 4R IR
F3E0~20 c) 9 1 Fil 4 SR I BUAS IR Mk BE RO BRI e Ak &40

Fig. 3 Different concentrations of quinone imine compounds

Note: (A) Five different concentrations of quinone imine compounds
produced by five concentrations of HyOp standard solutions (0.01%,
0.02%,0. 03%,0. 04 %,0. 10%,0. 20% ,0. 30%) ; (B) two different concen-
trations of quinone imine compounds produced by enzymatic reaction of O. vi-

olaceus rhizospheric soils
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Fig. 4 Peroxidase activity affected by three intercropping

pastures at different depth levels

0.0001), -4 R BE Xt i A ALY B 1E M A 2 e (P=
0.0278) (4>, Z5RFEW,7E 0~20 em 1 HFEHRE,
T H ZRER g E YR TE T B R T R ROR R
W TE 21~40 em W HIERE, — A 28R B B IH

2.3.2 FUpHEERCEAR bR H IR B VE AL R
JOR R A 3 O 7K A R - I SR R R P S AEL T 75 (1B A
B)., FHE A 2 A0, 7 T E R 0~20 cm A,
TH MR L RS 1.159~1.767 mg - g -

min !, EHEXT R R 1. 791~2.761 mg * g ' *» min';
e HRIREE R 21~40 cm B, = F 22 AR R 1 SR B I 1
$71.065~1.276 mg » g ' + min ', H IC 4 E X R K
0.972~1.323 mg » g ' » min" ', SAS ¥4t E AR
B IEMEAES T2 E AR B M 2 R/ (P<<0. 0D s A F
ST R BIEAE — A 2 AR R - R TE EA A B E A fk

(P<C0. 0001) , 4 48 ¥ B i 3k AL W0 Bl 5 1 A S 3
ip (P<<0. 0001) (& 6) . i R BRI B3 F AL
1 R E R 0~20 cm A, REORR B + BERRBEE MEh
1.440~2.773 mg » g ' » min ', FRFE RIRPR HIEREGIE
Py 1.405~2.165 mg » g '« min ', JC 4 B XF HE K
1.381~2.305 mg *» g ! « min ' ; 7E T IEVRE N 21~40
cm fif, RBORIRPR - ER B & 44 1. 136~2. 060 mg *
g ' e min ', BFE AR + FENREEIE R 0. 961~1. 779
mgeg ' s min ', LK EXS BN 0.949~1.545 mg *
g ' e min ', SAS {45 Hr K PR BETE HEAE S T B
B w225 W0 K 20 3% B [BIVE SR AR B e IR Bl 1%
PTG 58 M AR AL (P=0. 6498) , - 2 1 B X IR g 0% 1 A
1% s 250 (P<<0. 0001) (& 6),

B 5 AREREHKGE X SERL
1 (A5 FORF) ¥ BE NHLCL AR NH, T -N (0,0.5,1.0,1. 5,
2.0 pg/mLJE A RV A K B BRI @BR SR ; (B) — A 2 MR bR -4 (0~
20 cm) B9 2 MRE SR TE AR RV VR BE A 7K A% BR-IR SRR £k

Fig. 5 Different concentrations of salicylic acid and hypochlorite

Note: (A) Five different concentrations of salicylic acid and hypochlorite
produced by five concentrations of NH, *-N standard solutions (0,0.5,1. 0,
1.5,2.0 pg/mL) ;(B) two different concentrations of salicylic acid and hypo-

chlorite produced by enzymatic reaction of O. violaceus rhizospheric soils.
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Fig. 6 Urease activity affected by three intercropping
pastures at different depth levels
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x1EREY, 1% pH 5 R ERFA BENIE
R, SHENRMEIMEARE ., HERAEEE SN
YER 3 PR A B IEMR, 5 DRI A 7E B
HITRESR, 5 14 pH EAFA BERIEMR, SHENR

ARV B . LT A Y 5 L4 pH AN
AHBEAER R NIEMX, SHERRHEXEAD
. TIRIREHEVES TR 3 pH (B B2
WSS, SHENRMRMER B

*1 TP EERRNEXRH
Table 1 Correlation analysis between intercropping pear-grass,soil heights, pH, microbial communities and enzyme activities

B EEL WAYEREY:  BREHE

[ TR pHH il B ] )
Actinomyce-tes Peroxidase Urease
Intercropping pastures  Soil depth pH value Bacterial numbers  Fungi numbers
numbers activity activity
[E]/E4 2L Intercropping pastures 1. 0000
+HEVRAE Soil depth 0. 0000 1. 0000
438 pH {4 Soil pH value —0. 1534 0. 2455 * 1. 0000
4B %X Bacterial numbers 0. 0104 —0.0234 —0. 0167 1. 0000
HL % Fungi numbers 0. 0414 —0.10312 0. 0382 —0. 0901 1. 0000
TR # %X Actinomycetes numbers 0. 3756 * * —0. 5005 * * 0. 3008 * * 0. 0216 —0. 0947 1. 0000
ARG IS M Peroxidase activity —0. 0504 —0.1046 0.3107 % * 0. 1096 —0.0727 0.3889* * 1. 0000
R BEE M Urease activity 0. 0350 —0. 6942 * * —0. 3831 * * —0. 0138 0. 0350 0. 2767 —0. 0160 1. 0000

E: > FRGEIHFE LN BERER (P<0.05);* * RRgita EAHR B %2 H (P<0.0D),
Note: * indicate significant difference at P<C0. 05 level; * * indicate highly significant difference at P<C0. 01 level.

3 itit 54t

PR R A 2+ pH BN RS, BE
T+ 3 pH HA LR L, B EOR M - 4 pH HAE 1L
HfD . HEME T RY pH ES H IR A EE Ik
BEEME, X5 TR E kmE" R —3G
pH (B -5 A0 B 14 Tl 15 o ik B 25 IE A 26 . 5 R R
IS e B MM E . X ULBH EME — A 2R E A
B A3 SRR AR B B A 25 5, T Rl E R Bk ]
FEAFAHER AR,

Y BRI FE IR E R 0~20 cm B, B4 I [A]
YEZ A 2ZZARPR 4 8 40 B A R IR B0 B X R A R (I B &
Hn 1.55 X 10" CFU/ g, RBORAR PR+ e H) AR50 R L
Xf BRI i 0. 06 X 10" CFU/ g, B35 Fi {) B {4 & 5 X iR
FIAEE . 72 H3EVREE N 21~40 cm B, H0ORAR By 1 8 40
HHEAMAHE ., AREE T, 7R ER 0~
20 cm B, B4 5] VE L BOR AR Br B B A B (R 508 Lt R
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Variation of Enzyme Activity and Microbial Communities at the Rhizosphere Soils of
Intercropping Pastures in the Pear Orchard

ZHANG Rui! , ZHI Jian-fei? ,LIU Quan-lan’
(1. College of Chemical Engineering, Qingdao University of Science and Technology , Qingdao, Shandong 266042; 2. Institute of Resource and
Environment , Hebei Academy of Agriculture and Forestry Sciences,Shijiazhuang, Hebei 050051)

Abstract: To evaluate effects of intercropping pastures on the soil quality in the pear orchard distributed at Mayu Town of
Jinzhou City, Hebei Province,China,soil pH,soil microbes,and soil enzyme activities were measured at two depth levels
(0~20 cm and 21~40 cm) of the rhizosphere soils of three pastures (Orychophragmus violaceus (L. ) Schulz) , Poa annua
L. ,and Lolium perenne 1. ) intercropping plots. Subsequently,the correlation between above factors was analyzed. Five
main results were obtained. First, pH values, fungi numbers, actinomycetes numbers,and urease activity differed at two
depth levels. Second, pH values,actinomycetes numbers,and peroxidase activity (0~20 cm) were highly improved by the
intercropping O. violaceus. By contrast, urease activity was decreased in this intercropping plot. Third, pH value was
decreased in the intercropping plot of P. annua,and fungi numbers (0~ 20 cm) and peroxidase activity were highly
improved. Fourth, peroxidase activity was decreased and urease activity was highly improved in the intercropping Lolium
perenne L. plot. Finally, there had significant positive correlation between pH values and soil depths,between peroxidase
activities and actinomycetes numbers, between peroxidase activities and pH values, and between actinomycetes numbers
and pH values. In addition, there had significant negative correlation between actinomycetes numbers and soil depths,
between urease activities and soil depths, and between urease activities and pH values. Also, there had significant
correlation between actinomycetes numbers and intercropping pastures. Therefore, the soil quality would be greatly
improved when O. violaceus(L. )Schulz) and P. annua L. were simultaneously planted between pears.

Key words: intercropping pastures;rhizosphere soils;soil microbial communities;soil enzyme activity
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