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Abstract; Taking microwave digestion method and inductively coupled plasma-atomic emission
spectrometer (ICP-AES) method, 28 kinds of inorganic elements in 40 batches of Carthami Flos ( CF)
samples (dry tubular flower of Carthamus tinctorius Linn.) from Anhui, Gansu, Jiangsu, Xinjiang, and
Yunnan were analyzed. The results show that among heavy metal elements, Cu content in 40 batches of
CF samples tested is the highest, and Hg and Pb contents are also high. Hg content in CF samples from
Yunnan is significantly higher than that in the samples from other provinces (autonomous regions) ; in CF
samples from different provinces ( autonomous regions ), differences in Pb and Cu contents are not
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significant generally, and As and Cd contents are low or undetected. Among major elements, K content in

40 batches of CF samples tested is the highest, P and Mg contents are low, and Na content is the lowest.

Na and Mg contents in CF sample from Gansu and P content in the samples from Yunnan and Xinjiang

are significantly higher than those in the samples from other provinces (autonomous regions) , K content

in the samples from Yunnan is significantly lower than those in the samples from other provinces

(‘autonomous regions ) , and in general, there is no significant difference in the samples from other

provinces (autonomous regions ). Among essential trace elements, Fe and B contents in 40 batches of CF
samples tested are high, and Ni content is the lowest. Cr content in CF samples from Xinjiang and Gansu
is high, Mn, Fe, Ni and Sr contents in the samples from Gansu and Zn and B contents in the samples
from Anhui are the highest; Cr, Mn, Fe and Ni contents in the samples from Jiangsu, Zn content in the
samples from Gansu, and Sr and B contents in the samples from Yunnan are the lowest. The results of
cluster analysis and principal component analysis show that CF samples from the same province
(‘autonomous region ) are clustered well, in which, CF samples from Anhui and Jiangsu are cluster
firstly,, the samples from Gansu and Xinjiang are close, while the samples from Yunnan are far away from
those from other provinces (autonomous regions). This study establishes a rapid and accurate method for
determining inorganic elements in CF, and it is suggested that there are certain differences in contents of
inorganic elements in CF samples from different locations.

Key words: Carthami Flos;

inorganic elements;

inductively coupled plasma-atomic emission

spectrometer (ICP-AES) method; principal component analysis
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Table 1 Location information of 40 batches of Carthami Flos samples tested

FER i £k 55/ m
No. Location Longitude Latitude Altitude
S1 LR 1L E Dangshan County in Anhui Province E117°16'55" N31°51'58" 50
S2 LB L H Dangshan County in Anhui Province E117°16'55” N31°51'58” 50
S3 LB 1L EL Dangshan County in Anhui Province E117°16'55" N31°51'58" 50
S4 HR & KT Guazhou City in Gansu Province £95°45'00” N40°24'53" 1171
S5 4 RN T Guazhou City in Gansu Province E95°47'36” N38°06'10” 1178
S6 H 48 IR T Guazhou City in Gansu Province E95°47'36" N38°06'10”" 1178
S7 HR4 E 117 Yumen City in Gansu Province E97°44'34" N40°30'57" 1254
S8 Hilk& £ Yumen City in Gansu Province E97°44'34" N40°17'30" 1254
S9 Hf4 E 111 Yumen City in Gansu Province E97°44'34" N40°17'30" 1 254
S10 H7R48 £ 1T Yumen City in Gansu Province E97°45'58" N40°1729" 1247
S11 Hil4 EI1IH Yumen City in Gansu Province E97°45'58” N40°17'30" 1247
S12 H7H4 EITTH Yumen City in Gansu Province E97°46'16” N40°17'15" 1 247
S13 H4 E 17 Yumen City in Gansu Province E97°46'16" N40°17'15" 1247
S14 H7H4 EITTH Yumen City in Gansu Province E97°45'07" N40°17'00” 1 254
S15 2 E T Yumen City in Gansu Province E97°45'07" N40°17'00” 1254
S16 VLA RS X Qixia District in Jiangsu Province E118°56'13" N32°06'16" 8
S17  YTIAWIEE X Qixia District in Jiangsu Province E118°56'13" N32°06'16" 8
S18 TLHEWIE X Qixia District in Jiangsu Province E118°56'13" N32°06'16" 8
S19 VLA MRS X Qixia District in Jiangsu Province E118°57'00" N32°06'18" 8
S20  VTIHEMIEE X Qixia District in Jiangsu Province E118°57'00" N32°06'18" 8
S21 TLHEWIEE X Qixia District in Jiangsu Province E118°57'00" N32°06'18" 8
S22 VLA RS X Qixia District in Jiangsu Province E118°56'12" N32°06'19" 9
S23  VTHEMIEE X Qixia District in Jiangsu Province E118°56'12" N32°06'19" 9
S24 TLHEWIEE X Qixia District in Jiangsu Province E118°56'12" N32°06'19" 9
S25 g E R A XA EE Yumin County in Xinjiang Uygur Autonomous Region £82°48'50" N46°00'14" 1 180
S26  HrEE4EE/R HIAIX E ABE/RE Jimsar County in Xinjiang Uygur Autonomous Region E89°03'10” N44°21'07" 726
S27 HTRAEE R AR X5 ARBE/K B Jimsar County in Xinjiang Uygur Autonomous Region E89°03'10” N44°21'07" 726
S28  HrEE4EE /R HIAIX EH ABEKE Jimsar County in Xinjiang Uygur Autonomous Region E89°03'10” N44°21'07" 726
529 HERLE TR IR XA /R B0 A A & Qapgal Xibe Autonomous County in E85°36'50” N42°07'37" 602
Xinjiang Uygur Autonomous Region
S30 BT R F VA X B3 Huocheng County in Xinjiang Uygur Autonomous Region E80°51'14" N44°14'31" 715
S31 B IR AR X EBE Huocheng County in Xinjiang Uygur Autonomous Region E80°51'43" N44°14'41" 715
S32 HTHRAEE /K AR X &L B Huocheng County in Xinjiang Uygur Autonomous Region E£80°46'51" N44°18'32" 715
S33 iR H iR X A E Emin County in Xinjiang Uygur Autonomous Region E84°12'32" N46°35"24" 520
S34 HrimdiE R B X & AT E Urumgqi County in Xinjiang Uygur Autonomous Region E87°37'30” N43°48'39" 800
S35 HrEELETR AR X & ASFFE Urumgi County in Xinjiang Uygur Autonomous Region — £87°33'50" N43°50'24" 800
S36  HrEE4EE /K H A X T E Yining County in Xinjiang Uygur Autonomous Region £81°45'21" N44°00'28" 1 000
S37 iR HiG X T HE Yutian County in Xinjiang Uygur Autonomous Region £85°36'50" N42°07'37" 1431
S38 =4 7k BEEL Yongsheng County in Yunnan Province E101°35'31" N24°51'50" 1424
S39 =R AKMEE Yongsheng County in Yunnan Province E100°42'14" N26°29'27" 1424
S40  Z“EA KR Yongsheng County in Yunnan Province E100°42'14" N26°29'27" 1424
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pg + mL ZICEFREE KR 200 wL, HZRBKERE
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V.Co.Ga.Y Ba 1 Al W& bR, B ik B2 N

2 pg - mL 2GR R I AR ) A R R Y A
:Ffé‘:?@io

1.2.3 #H&HEik b &7k KEPRILACEE kR
0.2 g, B TR IUF LM IERE T ISR 7 mL AL
UK 3 mL, BB 10 min, F S AN RIZL i 5s 4 45, ik
A Milestone Ethos D A7 14 i A ( 3 K F| Milestone
AN TR N 4 10 min HFRTHE R
180 °C ;25 5 min H 180 C FHlE £ 220 °C,F 220 CiH
fif 20 min; AR R, U I MR EE , 76 XU el
BT, FHZE K E R 2 50 mL AEMRE S, LAY
% 7 mL FOWEK 3 mLIBSEERZH,

1.2.4 HsemE gk FESMEIRIEA Optima™ 2100
DV HL 5 55 2 K & 5 635 X (& E Perkin
Elmer A 7)) #EATI0RE | W22 254« 55 25 IR S 481 ) %
1.3 kW; B #HI S 15 L - min™', 2<% 0.8

L+ min™* ,%Hﬂ%ﬁﬁ 0.2 L - min! ,Xﬂ{ﬂ‘ﬂ?‘frﬁ] Axial ;
NI FE 15 nm 1 YRR ] 5 s PEREZERT 30 s; 28

15 v - minT', ARG EENE 3 0, SR BCE
Y.
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Table 2 Regression equation, correlation coefficient (r), linear range, limit of detection ( LOD), and limit of quantification ( LOQ) of

standard curves of 28 inorganic elements

75 G [ % i . mlL7!

hl\?j Inorzgj:}itjsl/?menl l:eggjejsil*il equation r * lﬁ(%il_jf]e/ai r;ing(:n o LOD/ (ng - mL! ) LOQ/ (g - mL’l)
1 Hg ¥=35.170x-82.926 1.000 0 0.040-5.000 0.010 0.040
2 Pb y=8 969.400x+3 830.600 0.999 9 1.000-200.000 0.550 1.660
3 Cu y=872.330x+1 284.500 0.999 8 1.000-200.000 0.100 0.100
4 As y=35.825x+23.811 0.999 8 1.000-200.000 0.310 0.310
5 Cd y=132.710x+113.510 0.999 8 1.000-200.000 0.210 0.800
6 Na y=282.341x+3 565.600 0.957 5 1.000-200.000 0.520 1.560
7 Mg ¥=26.389x+95.478 0.998 8 1.000-200.000 0.420 1.270
8 P y=0.511x+6.586 0.980 0 1.000-200.000 0.510 1.550
9 K y=22.818x-38.233 0.993 0 1.000-200.000 0.650 1.950

10 Cr ¥=501.800x+1 591.700 0.999 9 1.000-200.000 0.640 1.910
11 Mn y=179.140x+164.710 0.999 9 1.000-200.000 0.630 1.900

12 Fe ¥=10.421x+58.664 0.998 4 1.000-200.000 0.340 1.020
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££3R2 Table 2 ( Continued)

g ST j 2 LML . !

}?j lnorzgfil;j:lfnem f[i‘JgEl‘IBZl*j; equation r * ﬁ(iilfle/alg rrling:rn o LOD/ (ng - mL™") LOQ/(ng + mL™")
13 Ni y=345.210x+415.300 0.999 9 1.000-200.000 0.850 2.560
14 Zn y=51.543x-0.913 0.999 5 1.000-200.000 0.190 0.570
15 Sr y=197.090x+217.110 0.999 7 1.000-200.000 0.330 0.980
16 B y=1632.900x-36.252 0.999 9 1.000-200.000 0.480 1.450
17 Li y=8 946.900x+622.090 1.000 0 1.000-200.000 0.420 1.270
18 Be y=1 754.200x+3.861 0.999 9 1.000—-200.000 0.100 0.290
19 Tl y=12 100x+6 139.500 0.999 8 1.000-200.000 0.580 1.750
20 Bi y=53 735.000x—1.000x 10° 0.984 2 2.000—-400.000 0.770 2.310
21 Sc y=100.610x+18.588 1.000 0 1.000-200.000 0.320 0.740
22 Ti y=7.809x+10.830 0.999 6 1.000-200.000 0.110 0.320
23 \ y=377.990x+336.710 0.999 8 1.000-200.000 0.030 0.100
24 Co y=1 147.900x+854.170 0.999 9 1.000-200.000 0.110 0.400
25 Ga y=103.580x+108.220 0.999 8 1.000-200.000 0.140 0.420
26 Y y=651.560x+635.200 0.999 6 1.000-200.000 0.080 0.250
27 Ba y=875.930x+1 072.000 0.999 7 1.000-200.000 0.700 2.110
28 Al y=7.332x+22.260 0.999 4 1.000-200.000 0.280 0.830

22 FAEFER

WE B RGP & LTS =M RSD AR
0.49% ~4.80% , T AL MG % B R4, R PEiK 5
A TCHITE &R RSD (H-N 1.06% ~4.50% , 7 1
ZOTEEEERL, REAR P& TR &
i) RSD {E/INT 4.98% , 3R BIAE B RAE 12 h NS E
T [T e oA BT %5 96.80% ~ 105.70% ,
RSD {H/NTF 4.00% , 2 WIZ I iEMER AT 5
23 #HiXAOMAOAEHERFENTESENT

MK 40 HELLAERE P E AR OTR KRR W
T TR M A 12 B I HLIT 0 2 5 ) UL
3.3 4 Fs5MEke,

H e 3 bl R 40 AT ERE R I E SR OLR

®3 i HOUERPESCETELE

H Cu SR Hg A Ph & W As 763K H
HOR RN T Y S4 F1 S5 FEah ok A HR £ T S7,
S8.S10.S11.,S12.S13 Fil S14 £ 44, 2k A Hrims R B
() S25 BEdh LK A = Bk MR B S38 R S G
Cd XK A = Fg K B EL Y S40 AR A il

H % 4 oI i 40 HELLAERE S O K BT R
K & (19.961 ~62.413 mg - g ) &, P & &
(2.479~4.898 mg + ¢ ') Fl Mg 7% &t (1.283 ~3.074
mg -+ g ) K, Na 5 (0.155~1.212 mg - g™") F Al

H 2% 5 7] 0L i3 40 HELLAERE & A9 0 5 B T
P Fe &5 (196.443~1 407.164 g - ¢ ) M B & &
(55.552~136.285 pg « g ') # &, Ni # 5 (0.181 ~
2.635 ug - g ) WK,

Table 3 Contents of heavy metal elements in 40 batches of Carthami Flos samples tested

D TH/(ug-g")?  Content? R T/ (ug g H)?  Content?

No." He Pb Cu As cd No." He Ph Cu As cd
S1 0.277 3.742 21.288 — — S12 0.443 3.874 15.334 0.129 —
S2 0.359 3.522 13.139 — — S13 0.439 3.972 14.333 0.098 —
S3 0.460 3.870 14.677 — — S14 0.447 3.844 13.077 0.020 —
S4 0.390 4.010 18.518 0.106 — S15 0.408 3.876 13.615 — —
S5 0.498 3.832 14.333 0.108 — S16 0.465 3.536 15.345 — —
S6 0.457 3.676 12.189 — — S17 0.302 3.448 14.426 — —
S7 0.576 4.022 15.608 0.072 — S18 0.284 3.585 14.274 — —
S8 0.332 4.049 14.755 0.444 — S19 0.400 3.527 14.133 — —
S9 0.500 4.046 15.188 — — S20 0.398 3.571 13.877 — —
S10 0.460 4.035 15.498 0.078 — S21 0.359 3.416 13.079 — —
S11 0.449 3.992 15.208 0.121 — S22 0.418 3.686 14.340 — —
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£33 Table 3 ( Continued)

FEaD HR/(pg-g")?  Content? FED T/ (ug-g)?  Content?

No." He Pb Cu As cd No." He Pb Cu As cd
S23 0.255 3.432 14.124 — — 532 0.427 3.620 16.966 — —
S24 0.267 3.718 13.998 — — S33 0.872 3.827 14.610 — —
S25 0.529 3.660 14.335 0.002 — S34 0.596 3.594 14.645 — —
526 0.518 3.616 10.318 — — S35 0.531 3.369 13.570 — —
527 0.446 3.848 15.054 — — 536 0.461 3.615 11.923 — —
S28 0.480 4.714 14.270 — — S37 0.338 3.813 14.843 — —
529 0.571 3.637 14.101 — — S38 0.483 3.810 10.762 0.006 —
S30 0.478 3.567 13.986 — — S39 1.890 4.638 14.855 — —
S31 0.398 3.945 14.728 — — S40 2.061 3.728 15.151 — 0.125

S1,82,83, “Z#4 911 & Dangshan County in Anhui Province; S4,85,86: H 45 JRH ™ Guazhou City in Gansu Province; S7,58,89,S10,S11,
S12,813,514,515; Hi4 E 11T Yumen City in Gansu Province; S16,S17,S18,519,S20,521,S22,523,524; JT.7545 Wi [X. Qixia District in
Jiangsu Province; S25. Biim4EE/K IR X B E Yumin County in Xinjiang Uygur Autonomous Region; $26,527,S28 . Fiim4EE /K AR X% KB
JRE Jimsar County in Xinjiang Uygur Autonomous Region; S29. WA E R AR EAERGMHARE Qapqal Xibe Autonomous County in
Xinjiang Uygur Autonomous Region; S30,S31,832. BrimgeE IR AIE X ENHE Huocheng County in Xinjiang Uygur Autonomous Region; S33: s
AeE R AR KA E Emin County in Xinjiang Uygur Autonomous Region; S34,S35. #7ift4E /K H 1A X 2 & A5 £ Urumgi County in Xinjiang
Uygur Autonomous Region; S36; w4 & /K HiA X AT B Yining County in Xinjiang Uygur Autonomous Region; S37. Frsm4k /K HIG X T HE
Yutian County in Xinjiang Uygur Autonomous Region; S38,539,540: =44 7K/ & Yongsheng County in Yunnan Province.

2 —. KK Undetected.

x4 HRIOBRTEHERIRETESE

Table 4 Contents of major elements in 40 batches of Carthami Flos samples tested

B HH/(mg-g") Content FaED i/ (mg - ¢7')  Content
No.” Na Mg p K No." Na Mg p K
S1 0.221 1.821 3.021 56.394 S21 0.266 1.797 2.849 58.958
S2 0.246 1.695 2.479 52.240 S22 0.285 1.811 3.249 59.657
S3 0.279 2.141 2.748 61.739 S23 0.279 1.697 3.269 58.864
S4 0.536 2.782 2.608 62.363 S24 0.287 1.786 3.107 59.419
S5 1.212 2.829 2.658 55.187 825 0.219 2.359 3.872 49.352
S6 0.589 2.161 4.127 60.139 S26 0.475 2.616 4.033 57.894
S7 0.651 3.074 2.604 55.751 S27 0.194 1.657 4.373 51.548
S8 0.761 2.907 2.561 55.408 S28 0.178 1.588 4.303 57.446
S9 0.696 2.951 2.747 57.111 S29 0.201 1.505 3.644 58.378
S10 0.662 3.013 2.735 56.995 S30 0.186 1.460 3.686 57.744
S11 0.674 2.943 2.636 56.532 S31 0.297 2.170 2.780 56.845
S12 0.661 2.973 2.593 56.951 S32 0.301 2.198 2.591 58.405
S13 0.704 3.004 2.634 56.689 833 0.179 1.651 3.961 52.722
S14 0.521 2.636 4.111 54.771 S34 0.170 1.660 3.681 47.979
S15 0.456 2.497 2.723 56.488 S35 0.169 2.196 4.163 62.413
S16 0.254 1.812 2.944 60.379 S36 0.155 1.462 3.835 47.608
S17 0.263 1.804 2.998 61.902 S37 0.333 2.099 2.883 57.817
S18 0.261 1.764 2.937 60.741 S38 0.161 1.311 4.063 38.971
S19 0.294 1.813 3.111 58.745 S39 0.231 1.556 3.950 28.991
S20 0.263 1.799 3.018 62.339 540 0.166 1.283 4.898 19.961

S1,82,83; “Z #4111 & Dangshan County in Anhui Province; S4,85,86: H 45 KM A Guazhou City in Gansu Province; S7,58,89,S10,S11,
S12,813,814,S15; Hfi45 E 11 Yumen City in Gansu Province; S16,S17,S18,S19,520, 521,822, 923,824 {T.77 4 #ig X Qixia District in
Jiangsu Province; S25: HrimdEE /R HIE XA R E Yumin County in Xinjiang Uygur Autonomous Region; S26,527,528; TR R A iR X AR RS
JRH: Jimsar County in Xinjiang Uygur Autonomous Region; S29. BrEmdEE R AR XA A REGIHABE Qapqal Xibe Autonomous County in
Xinjiang Uygur Autonomous Region; S30,S31,532. Hist4Ed /K HIA X B E Huocheng County in Xinjiang Uygur Autonomous Region; S33. i
AR IR X AR Emin County in Xinjiang Uygur Autonomous Region; S34,S35. #Hrim4E /K HIE X %48 A5F 2 Urumgi County in Xinjiang
Uygur Autonomous Region; S36: Hrm4kE /K HIA X AT E Yining County in Xinjiang Uygur Autonomous Region; S37. #HrimgEE /K HIGX T HE
Yutian County in Xinjiang Uygur Autonomous Region; S38,539,540: =44 7K & Yongsheng County in Yunnan Province.
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Table 5 Contents of essential trace elements in 40 batches of Carthami Flos samples tested

JE2=2 FH/(pg-g')  Content

No." Cr Mn Fe Ni Zn St B

St 6.561 28.307 465.618 1.064 44.046 22.593 136.285
$2 9.439 24.729 450.980 0.435 28.777 20.639 92.998
$3 9.107 26.779 549.118 0.581 46.910 27.493 120.436
S4 11.780 50.500 878.487 1.597 33.135 37.474 130.056
S5 28.721 50.929 1 407.164 2.059 30.060 60.276 99.962
$6 12.742 47.858 820.687 1.621 29.994 90.289 110.116
57 9.476 48.935 1 188.009 1.536 29.962 73.125 103.783
S8 24.023 43.496 1 144.767 2.635 28.726 65.727 95.274
) 24.442 45.393 1 182.203 1.692 28.890 67.506 98.822
S10 17.468 45.672 1 136.503 1.537 29.196 69.492 101.830
St 12.354 46.887 1192.277 1.319 28.542 67.667 98.570
S12 22.591 46.447 1219.845 1.581 29.304 69.311 97.993
s13 20.322 46.850 1214.124 1.452 28.366 66.366 97.178
S14 14.942 36.292 930.714 1.284 29.976 47.436 93.662
S15 10.373 36.391 741.051 0.835 28.182 63.534 94.028
s16 8.599 21.946 252.155 0.329 35.392 22.279 117.527
s17 7.191 20.713 196.443 0.181 35.846 21.965 114.934
S18 7.043 20.467 196.647 0.185 34.496 21.716 108.926
S19 8.076 24.036 311.165 0.353 34.709 21.444 117.401
$20 8.548 22.631 274.622 0.343 33.469 22.229 113.221
21 8.306 24.265 368.746 0.347 33.034 22.723 112.384
$22 7.393 23.281 284.393 0.426 35.044 21.313 121.599
23 5111 21.080 221.074 0.651 39.053 19.535 117.629
$24 7.951 21.692 268.714 0.284 38.171 21.362 114.661
$25 7.640 35.100 737.599 1.137 29.029 37.314 94.459
26 19.277 38.693 757.346 1.155 28.884 77.700 94.060
$27 27.747 35.329 722.374 0.683 34311 20.620 85.888
$28 19.728 31.563 440.034 0.538 33.570 35.260 94.705
$29 18.472 35.857 868.146 1.114 29.746 50.404 81.347
$30 15.756 34.262 757.279 0.938 29.743 50.744 84.021
31 8.898 32.004 610.517 0.757 37.067 30.920 120.307
$32 6.429 28.931 564.346 0.613 33.944 30.194 127.300
$33 24.968 42.145 1 040.878 1.194 31.512 34.687 93.938
34 22.080 34.077 710.398 0.715 32.623 15.980 79.946
$35 14.387 23.933 580.190 1173 28.569 29.200 98.594
$36 18.258 33.537 591.150 0.709 33.251 8.719 81.556
37 9.445 35.663 688.988 0.749 36.652 30.518 103.804
$38 8.566 25.676 276.754 1.892 34.783 8.926 69.620
$39 9.622 32.544 600.662 1.044 38.541 5.972 88.675
S40 7.452 18.277 225.076 1123 36.624 8.146 55.552

D81,82,83, L@ g LB Dangshan County in Anhui Province; S4,S5,56: H i JRMH T Guazhou City in Gansu Province; S7,S8,59,S10,S11,
S12,5813,S14,S15; Hifi4 E 171 Yumen City in Gansu Province; S16,S17,S18,S19,520,S21,522,S23, 824 VL# 44 Wi 5 X Qixia District in
Jiangsu Province; S25: HrimagEE R HIG XA R E Yumin County in Xinjiang Uygur Autonomous Region; S26,527,528. BrimgeE IR HIE X ARGE
JRE Jimsar County in Xinjiang Uygur Autonomous Region; S29. HrimdgE R QIEXEAE/RBMAABE Qapqal Xibe Autonomous County in
Xinjiang Uygur Autonomous Region; S30,531,532: #iid4tE /R A X E M E Huocheng County in Xinjiang Uygur Autonomous Region; S33: ik
A B K H IR XA B Emin County in Xinjiang Uygur Autonomous Region; S34,S35: Frim4iH /R AR X 58 A5 B Urumgi County in Xinjiang
Uygur Autonomous Region; S36: Fiim4E & /K A6 X7 E Yining County in Xinjiang Uygur Autonomous Region; S37. Frim4k & /K 16 X T HE
Yutian County in Xinjiang Uygur Autonomous Region; S38,S39,540; = ## /kJi: 2 Yongsheng County in Yunnan Province.

6 n UL, i 40 LT AERES P, AL i AIZLAERESL IR Se. Co AL Y, 2K ABr i Al = B Y
(149.168~1235.769 pg - ¢ )8 R HVLH LR SBOAAEFERBARK 1 Se . Co F1 Y,
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Table 6 Contents of other 12 inorganic elements in 40 batches of Carthami Flos samples tested

ey EE/(pg-g")?  Content?

No." Li Be Tl Bi Se Ti A Co Ga Y Ba Al

S1 1.374 0.086 4.223 5.615 — 18.592 0.701 — 1.355 — 7.381 474.941
S2 1.142 0.076 4.038 5.366 — 14.404 0.578 — 1.071 — 5.833 401.690
S3 1.202 0.086 4.309 5.727 — 20.786 0.790 — 1.591 — 8.755 512.179
S4 2.045 0.121 4.325 5.746 0.085 38.717 1.755 0.088 3.505 0.164 18.396 1 087.487
S5 2.001 0.120 4.075 5.419 0.187 42.782 2.407 0.266 3.497 0.270 16.937 1 235.769
S6 1.779 0.098 4.076 5.417 0.027 30.784 1.236 0.079 10.298 0.024  50.473 702.486
S7 2.533 0.115 4.294 5.707 0.135 39.179 2.071 0.229 3.307 0.242 15.530 1 091.684
S8 2.062 0.115 4.203 5.584 0.314 45.144 2.253 0.196 3.553 0.257 15.936 1 170.390
S9 1.833 0.113 4.278 5.686 0.108 37.141 1.995 0.180 3.065 0.160 14.509 1 012.156
S10 2.492 0.107 4.280 5.689 0.081 35.366 1.845 0.240 2.702 0.164 13.689 927.681
S11 1.855 0.116 4.266 5.670 0.132 37.423 2.057 0.141 3.743 0.188 17.557 1 089.188
S12 2.022 0.113 3.982 5.291 0.181 40.344 2.265 0.226 3.447 0.244 16.025 1 153.269
S13 2.021 0.119 4.260 5.661 0.119 40.659 2.092 0.181 3.053 0.173 14.712 1 062.792
S14 1.880 0.112 4.251 5.650 0.079 33.500 1.789 0.085 2.386 0.104 12.054 1 003.737
S15 1.851 0.104 4.269 5.675 0.029 30.414 1.367 — 3.449 0.057 17.808 796.101
S16 0.622 0.065 4.085 5.429 — 8.231 0.142 — 0.566 — 3.807 183.211
S17 0.540 0.061 4.002 5.318 — 6.508 0.088 — 0.435 — 3.349 149.168
S18 0.539 0.065 4.177 5.551 — 7.295 0.109 — 0.528 — 3.530 180.763
S19 0.792 0.069 4.047 5.378 — 11.017 0.317 — 0.790 — 4.953 278.001
S20 0.737 0.067 4.151 5.517 — 9.588 0.244 — 0.629 — 4.142 238.371
S21 0.758 0.073 3.928 5.221 — 13.584 0.451 — 0.919 — 5.559 347.069
S22 0.940 0.077 4.261 5.663 — 10.084 0.235 — 0.699 — 4.563 238.921
S23 0.718 0.064 4.024 5.350 — 7.450 0.161 — 0.801 — 4.794 213.024
S24 0.647 0.069 4.224 5.613 — 9.663 0.284 — 0.950 — 5.417 265.468
S25 1.628 0.098 4.050 5.387 0.027 27.137 1.256 0.011 2.062 0.051 10.028 780.637
S26 1.229 0.092 3.963 5.268 0.021 26.464 1.159 0.020 4.143 0.014  20.275 634.296
S27 0.851 0.087 4.102 5.453 0.035 35.760 1.136 — 1.847 0.061 9.171 583.037
S28 0.656 0.076 4.259 5.663 — 18.096 0.586 — 1.940 — 9.741 350.773
S29 1.183 0.096 4.083 5.426 0.086 55.735 1.749 0.027 1.469 0.165 7.145 815.174
S30 1.081 0.088 3.998 5.313 0.056 45.207 1.533 — 1.339 0.109 6.695 719.113
S31 1.275 0.089 4.250 5.650 — 22.385 0.900 — 2.204 — 11.585 564.650
S32 1.313 0.088 4.007 5.329 — 21.831 0.893 — 1.376 — 7.411 548.774
S33 1.302 0.101 4.200 5.581 0.105 52.061 2.097 0.081 2.712 0.183 13.348 888.985
S34 0.856 0.084 4.003 5.322 — 36.766 1.326 — 1.568 0.114 7.978 552.818
S35 0.862 0.072 3.806 5.059 — 27.782 1.049 — 1.355 — 6.925 530.949
S36 0.714 0.084 4.024 5.348 — 32.850 0.980 — 1.844 0.033 9.648 535.566
S37 1.354 0.100 4.173 5.547 0.005 32.789 1.269 — 2.362 0.070 12.319 734.502
S38 0.593 0.071 4.281 5.691 — 5.334 0.276 — 1.123 — 6.218 315.261
S39 0.871 0.097 4.282 5.695 0.009 18.129 1.050 — 0.847 0.059 4.461 684.884
S40 0.371 0.068 4.228 5.621 — 4.733 0.174 — 0.384 — 2.669 216.880

S1,82,83: Z#AE 1L E Dangshan County in Anhui Province; S4,S5,56: Hilt 4 JKJH i Guazhou City in Gansu Province; S7,S8,59,510,S11,
S12,S13,814,S15; H7fi4 £ 171 Yumen City in Gansu Province; S16,S17,S18,S19,820,S821,522,523,924;: VL7 #i#E X Qixia District in
Jiangsu Province; S25. HrIR4EE /K H G X # R Yumin County in Xinjiang Uygur Autonomous Region; S26,S27,S28; HrimdE & /K HIG X & A
JREL Jimsar County in Xinjiang Uygur Autonomous Region; S29: #rii 4t 5 /R H A X 4410 2 /R 80 H 6 B Qapqal Xibe Autonomous County in
Xinjiang Uygur Autonomous Region; S30,S31,S32: Frim4E & /R A G X ZE L E Huocheng County in Xinjiang Uygur Autonomous Region; S33: i
HEEIR QB X id 2 Emin County in Xinjiang Uygur Autonomous Region; S34,S35: B E /R QB X B E KRR Urumgqi County in Xinjiang
Uygur Autonomous Region; S36. HrimdrE R BT R Yining County in Xinjiang Uygur Autonomous Region; S37: FrEgEER A X THE
Yutian County in Xinjiang Uygur Autonomous Region; S38,S39,540. 2 R4 7K/l B Yongsheng County in Yunnan Province.

2) —. KHH Undetected.
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AHEE(HIBX) afEMhP EEEITE KE
TR MLTFMIEITTR IR 7 R 8 K9,

M7 ULk A = LT AERR b He & i
=, BE R T AR (BIR X)) BILLAERE S, ik BT
INILLAERE S He & i B il ok A = r ATH R 4L
AEHE T P S, 3 TR AL IR R LLABRE
i R A RTRIAE ( AR IX) L AERE o Cu T TC
FEEFORAARA (BIRX) LR As F1 Cd
AR

F 8 AT L. ok H H N A LT AEFE & b Na A Mg
S E R T HAMA (AR X)) MRS RA =
FAHEEA LIRS b P SR B E S T HALE (A

TR IX) MILTAERE S s ok FTT IR LT AERE G b K & i i
LR A SRR AR S K S B T Hh
( BIRX) MILLAEFES

F 2 9 AT L. >k B s A H i O 2046 BE i Cr
SRR W TR AL BILLAERE S ok B H
FILLAERE S Mn Fe Ni F1 Sr & e iy, A g 3
ETHALE (BIRIX) LT AERE o A B L4
FEdhH Zn A1 B i8R ok FUL IR A Z0AERE i rh
Cr Mn Fe FI Ni &1,k B Hl L AEFE S Zn &
HLAKOR A 2 B LR S b Se f B & i RAIR,
SV EART HAA (FIR X)) BUZLAERE R
2.5 R 40 MO RWERS

HE 40 HLLTAERE R Rk RIE LA 1,

®7 ARAE(BER)IEERTEEETESE(XSD)

Table 7 Contents of heavy metal elements in Carthami Flos samples from different provinces ( autonomous regions) (X=SD)

H(AIRIX) Fit/(pg - )" Content”

Province ( Autonomous region) He Pb Cu As cd
LY Anhui 0.365+0.092b 3.711+0.176ab 16.368+4.330a — —
Hiff Gansu 0.449+0.061b 3.935+0.115a 14.804%1.572a 0.131+0.121 —
1.5 Jiangsu 0.350+0.075b 3.547+0.107b 14.177+0.591a — —
BrEE Xinjiang 0.511+0.129h 3.755+0.324ab 14.103+1.582a 0.002+0.000 —
4 Yunnan 1.478+0.866a 4.058+0.503a 13.589+2.453a 0.006+0.000 0.125+0.000

D @31 R[] (/NG FhE R 2% 5 8 35 (P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) difference. —: A% i}
Undetected.

®8 AEEH(HBR)IEFERPARBITESE(XLSD)

Table 8 Contents of major elements in Carthami Flos samples from different provinces ( autonomous regions) (X+SD)

HOHIBIK) #ri/ (mg ) Content”

Province ( Autonomous region) Na Mg p K

G Anhui 0.249+0.029h 1.886+0.230b 2.749+0.271b 56.791+4.762ab
Hilt Gansu 0.677+0.190a 2.814+0.265a 2.895+0.575b 57.032+2.165ab
YLI5 Jiangsu 0.272+0.014b 1.787+0.037h 3.053+0.143b 60.112+1.327a
FTHE Xinjiang 0.235+0.092b 1.894+0.390b 3.677+0.577a 55.089+4.691b
ZH Yunnan 0.186+0.039b 1.383+0.150b 4.304+0.518a 29.307+9.508¢

D @3 R E /NG R R 25 5 8 #5 (P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) difference.

*9 FEAH(BERX)IEERPULEMETEIE(X2SD)

Table 9 Contents of essential trace elements in Carthami Flos samples from different provinces ( autonomous regions) (X=SD)

A (HIRX)

Province i/ (pg - g’l YD Content!

r(ej;u(fsg'omous Cr Mn Fe Ni 7n Sr B

8 Anhui 8.3691.575ab  26.605:1.796bc  488.572+52.943bc 0.693x0.329hc  39.911%9.748a  23.575:3.531bc 116.573+21.900a
Hl Gansu  17.436£6.425a  45.471x4.751a 1 087.986+197.931a 1.59620.435a  29.528+1.323hc  64.850£12.970a 101.773+9.997a

YL Jiangsu 7.580+1.087b
i3 Xinjiang  16.39126.750a
8.547+1.085ab

22.235+1.404c
33.931+4.423b
25.499+7.135¢

263.773+55.711c¢
697.634+150.915b
367.497+203.573¢

0.344+0.140¢
0.883+0.242b
1.353+0.469a

35.468+1.998ab
32.223+2.900b
36.649+1.879ab

21.618+0.914bc
34.789+17.479b
7.681+1.531c¢

115.364+3.682a
95.379+14.640a

Z® Yunnan 71.282+16.624b

D RGN NG FRER R 25 5 3 (P<0.05) Different lowercases in the same column indicate the significant (P<0.05) difference.
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: LB Anhui Province; ——: H 4 Gansu Province; ——: 1.
4R IR ARKX Xinjiang Uygur
. 4 Yunnan Province.

= . .
J1h Jiangsu Province;
Autonomous Region;

S1,82,83: Z#4E 1L B Dangshan County in Anhui Province; S4,S5,
S6: Ht 4 KM T Guazhou City in Gansu Province; S7,S8,S9,S10,
S11,S12,813,S14,S15; Hil4a ETIH Yumen City in Gansu Province;
S16,5817,518,519,820,821,S22, 923,824 ;. VLHAMIEE X Qixia District
in Jiangsu Province; S25. FramgeE R A1 X EE Yumin County in
Xinjiang Uygur Autonomous Region; $26,527,S28. Hiim4E & /K HIR X
F AR /K B Jimsar County in Xinjiang Uygur Autonomous Region; S29.
B AR A IR XS A R B A F A B Qapgal Xibe Autonomous
County in Xinjiang Uygur Autonomous Region; S30,S31,S32. #Hrsm4e &
KA X E WA Huocheng County in Xinjiang Uygur Autonomous
Region; S33: HrimdE B /R HIA XA E Emin County in Xinjiang Uygur
Autonomous Region; S34,S35. FriEgEE IR QG L Ea KK B Urumqi
County in Xinjiang Uygur Autonomous Region; S36. Fis4k & /K HIR X
T B Yining County in Xinjiang Uygur Autonomous Region; S37. Hrimf
EHI/REEX T HE Yutian County in Xinjiang Uygur Autonomous Region;
S38,539,540: =R kM E Yongsheng County in Yunnan Province.

E1 k40 TR BES L RE
Fig. 1 Dendrogram of 40 batches of Carthami Flos samples tested by
cluster analysis
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©®. 74 Anhui Province; @: H T4 Gansu Province; @: VLIR4
. B 4EE /R H iR X Xinjiang Uygur Autonomous
Region; @; ZF48 Yunnan Province.

Jiangsu Province;

S1,82,S3: “%#E %1115 Dangshan County in Anhui Province; S4,S5,
S6: Hi 4 KM T Guazhou City in Gansu Province; S7,S8,S9,S10,
S11,S12,813,514,S15; Hfi48 £l Yumen City in Gansu Province;
S16,S17,S18,S19,520,S21,822,523,S24 ;. VLA iEE X Qixia District
in Jiangsu Province; S25. ##fi4E /K H A X # R E Yumin County in
Xinjiang Uygur Autonomous Region; S26,S27,S28 . #Hm4E & /K HIRIX
FHARBE /R B Jimsar County in Xinjiang Uygur Autonomous Region; S29:
i 4 B R H IR X A6 A KB A H iR B Qapgal Xibe Autonomous
County in Xinjiang Uygur Autonomous Region; S30,S31,S32. #rim4E &
JK H 3R X 2 3 B Huocheng County in Xinjiang Uygur Autonomous
Region; S33: B4 T /8 HIA XA E Emin County in Xinjiang Uygur
Autonomous Region; S34,S35. Frdm4iE /8 H iR X %8 A5 E Urumgi
County in Xinjiang Uygur Autonomous Region; S36: #riadk 5 /K HiEIX
7 B Yining County in Xinjiang Uygur Autonomous Region; S37: &
#E /R AR X F H B Yutian County in Xinjiang Uygur Autonomous
Region; S38,S39,S40: = 7g 4 7Kk M B Yongsheng County in Yunnan

Province.

2 L 40 MATHERHNER S SR RE
Fig. 2 Scatter plot of 40 batches of Carthami Flos samples tested by
principal component analysis
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LA WAL, o {5 i B 45 5 n )
RV STARVE N W A, T A R LT R S
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