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Abstract: This study employed microwave digestion-inductively coupled plasma mass spectrometry
(ICP-MS) to determine the residual levels of Pb, Cd, As, Hg, Cu, V, Cr, Mn, Co, Ni, Mo,
Ru, Pd, Ba, Pt, TI, Ir, and Rh in different parts of Scutellaria baicalensis. Chemometric meth-
ods, including cluster heatmap, correlation heatmap, and orthogonal partial least squares—discrimi-
nant analysis(OPLS-DA), were applied for data analysis. Health risk assessment was conducted us-
ing the single pollution index(P,), Nemerow integrated pollution index (P, ), estimated daily intake
(EDI) , target hazard quotient (THQ) , and carcinogenic risk (CR). The results indicated that the
copper(Cu) content was relatively high in the roots of Scutellaria baicalensis, thallium(Tl), chromi-
um(Cr), and cadmium(Cd) were highest in the stems of Scutellaria baicalensis, while those of man-
ganese(Mn) , barium(Ba), lead(Pbh), molybdenum(Mo) , and arsenic (As) were highest in the
leaves. Principal component analysis identified As, Pb, Ba, Mn, and Co as characteristic ele-
ments distinguishing the different parts. Both cluster heatmap and OPLS-DA clearly separated the
roots, stems, and leaves, with Cr, Mo, Pb, Ba, Mn, As, Co, Hg, and V serving as differen-
tial characteristic elements for part discrimination. The elemental correlation heatmap revealed 9 pairs

of extremely significant positive correlations (p<0. 01) and 1 pair of extremely significant negative cor-
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relation (p<0. 01) in the roots; 15 pairs of extremely significant positive correlations (p<0. 01) in the
stems; and 19 pairs of extremely significant positive correlations (p<0. 01) in the leaves. Safety evalu-
ation and health risk assessment results indicated that mercury (Hg) exceeded the limit and caused
pollution in four batches of stem samples. Potential non-carcinogenic risks were associated with differ-
ent parts of S. baicalensis, while the carcinogenic risk coefficients fell within the acceptable safety
range. Furthermore, the risk in roots was lower than that in stems and leaves, with stems showing
notable mercury enrichment, which warrants further attention.

Key words: Scutellaria baicalensis; heavy metals and harmful elements; inductively coupled plas-
ma mass spectrometry; chemometrics; health risk assessment
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1.1 FEHEE

NexION 2000 % o JEol A 25 29 Tk e %A ( 58 PerkinElmer A 1)), MARS6 CLASSIC Bk 114 X
(EE CEM /A ]), BHW-09C 2 B Py (g s A PHE AR A ), XS105DU B+ 543 2 —HF43
P RF (Bij L Mettler Toledo 2] ) o
1.2 AFI S5+

B TERAHIR (Fisher Scientific 257)) , EAELIR (RETTRHERAL AT R A ) 5 JEE RARRK; He
FGEEPRER (1 000 pg-mL™", GSB 04-1729-2004), CuItZbRiEAR (1 000 pgrml"', GSB04-1725-
2004), AsHAITTEFRUEE (1 000 pg-mL", GSB04-1714-2004), Pb¥7TEbRIEEW (1 000 pg-mL™",
GSB04-1742-2004), CdATCEFRUEEI (1000 wg-mL™", GSB04-1721-2004), Ba, Co. Cr. Mn, Mo,
Ni. Tl. VZITEFRUEETE (100 pg-mL”', GNM-M261141-2013), Ir. Pd. Pt. Rh. RuZ Tt EFrifils
# (100 pg-ml™"', GNM-MB134542-2013), Ge HICEFRHERT I (1 000 pg-mL", GSB04-1728-2004),
In BT EFRIEEWL (1 000 wg-mL™", GSB04-1731-2004), Bi BT EFRiEANRE (1 000 pg-mL", GSB04-
1719-2004) , Au A CEFRUIEE W (1 000 wg mL™", GSB04-1715-2004), Y B0 2 bR (1 000
pg-mL”, GSB04-1788-2004), Th ¥t EIRER (1 000 pg-mL", GSB04-1781-2004) ¥ H E XA
0.4 )Jm B TR BT G o Se BT EARIEIA I (1 000 pg- L™, BW30061-1000-N-50) W H 37 2%
RS bRED) TG . 20 IR (AR . 25 ) BEARRE SR (—4FAE) T 2024 4F 10 AR B b A e iidL £
STAF, 2R 2 Sh BT SR IR 5T e B T EAT 2SS AR IR i B R AR S . B AR
2 H4RE, g G1~G20, J1~J20, Y1~Y20, AR EG)E, BT 60 CERE TEA h T, B
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BBOS, WHERCHKY; 25, HEIETEE TEIR FIE, Rk, SRR
1.3 XIWHZE
1.3.1 MIXBARNFE HEREESR ., X AR % 0.5 ¢, B S5 ik i i,
DIAEIR 8 mL, ERAZ0.3 mL, RS, M IHMRF (10 min FHERZE 120 'C, £&%FF2 min, 5 min FHiE
2150 CF5 5 min, 5 min FHE ZE 190 CLEHF 45 min) PTG, HML4ER)G, BHZE60 CLLT,
BRI AREE, BT 105 CHRPWR EIIPGERE S 1 mL AL, WA G, B INMRETE S 50 mL 8
W, /D EKBERIEMRE 3 I, SIFBRERIR T &M, IASPITREIRER (1 pg-mL™)200 uL, H
IKERBAE, 82, VERMOREIER . BRAIMERICEbRERTAL, REG #8504 B
1.3.2 TEREBRBMARBEROAE HEERE CEMEGRTOEE, H 2% 8RR W0 %2 5
PRUEA W . HpPh, AsHIBTEIRE R0, 1, 5. 10, 20 ng-mL™"; CARYFREREHO, 0.5, 2.5, 5.
10 ng*mL™"; Cu BT RHRE R0, 50, 100, 200, 500 ng-mL™"; HgHJRTEWKE R0, 0.2, 0.5, 1, 2,
5ng'mL”'; Ba, Co., Cr, Mn, Mo, Ni, Tl, V. Ir, Pd, Pt, Rh, Ruf i &KE H0, 0.5, 1. 5,
10, 50, 100 ng-mL™",

K% 80 Ge. In, Bi, Sc. Y. ThooEIrfANGE S, HKRGRERL40 ng- mL ' IR AV
1.3.3 ICP-MSH &G HHFHYIZE: 1600 W, HHBIS/AHE: 1.2 L-min', FAES)HHE:
0.98 Lemin™, BEZNZE: 35 r-min"s AEIEREACA He REAEA(KED) , ZAMABRE: 4.0 mL-min", R
FEREL: 31K,
1.83.4 18FTTMME MIEAL o> T HURAYR/NESEAGRY, Hob “Cu, "As B Ge bR "'Cd
PL'In AN KR 'V, "Cr. *Mn, “Co, “NiLL“Sc{EMPMFR; “Mo. “'Ru., "Rh. "PdLL*Y k¥R ;
Ba Ll Th ANAR; ' HgFI™Pb, “Ir, Pt **TLLL"Bi HNAR, SRR 2% e &t

P4 20X (G1~G20) . 2£(J1~J20) . M (Y1~Y20)REN,, & “1.3. 17 Jrikml st s, i
M “1.3.37 FETIE , P RS TEESE.
2 #HER5iTie
2.1 JRFWIE
2.1.1 &MXRERE IRIDCEIRERE, % “1.3.37 J7iEseeprm, DUbRE S TR R Ak
b G R INARPR, SRR TR . K BRI GE SR T IR, DS E 25 R
R e BB 3 F bR fh 22 (3SD ) Bt B2 B A T8 3 MR BEAE A R BR 5 LAESENN 5 25 1 Ve B {ELAY 10
Rt f 22 (10SD) Jr Rk S ) f I e VR BEAE R & T IR . 18 Pl iy HiBR (LOD) >4 0. 000~0. 091
ng'mL”, E& FFR(LOQ)40.003~0.303 ng-mL", ZtEMERE(HDBLE0. 992 |, LVEERE I,
RN,

1l BURAMRR . KHREER TR

Table 1  Linear relationships, detection limits and quantitation limits of various elements

Element Linear equation r Linear range/(ng*mL™") LOD/(ng*mL™) LOQ/(ng*mL™)
As Y=0. 009X+0. 001 0.9999 0~20 0.009 3 0.031
"ed Y=0. 002X 0.9999 0~10 0.0015 0.005 1
Cu Y=0. 087X-2. 773 0.995 1 0~500 0.024 0.079
Hg Y=0. 003X-0. 001 0.992 4 0~5 0.004 4 0.015
205py Y=0. 014X-0. 002 0.9999 0~20 0.003 0 0.010

Sy Y=0. 031X-0. 003 0.9999 0~100 0.001 7 0.005 8
2Cr Y=0. 033X+0. 002 0.9999 0~100 0.012 0. 040
Mn Y=0. 030X+0. 001 0.9999 0~100 0. 020 0. 067
*Co Y=0. 047X-0. 003 0.9999 0~100 0.004 3 0.014
ONi Y=0. 012X-0. 004 0.9999 0~100 0.015 0. 050
“Mo Y=0. 008X 0.9999 0~100 0. 006 7 0.023
'Ry Y=0. 013X-0. 002 0.9999 0~100 0.001 0 0. 003 4
'“Rh Y=0. 035X+0. 001 0.999 7 0~100 0. 000 89 0.003 0
195pg Y=0. 009X-0. 001 0.9999 0~100 0.028 0.093
Ba Y=0. 012X-0. 012 0.999 7 0~100 0.028 0.093

Py Y=0. 014X 0.9999 0~100 0.001 2 0.004 1
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(831)
Element Linear equation r Linear range/(ng*mL™") LOD/(ng*mL™) LOQ/(ng*mL™)
1Py ¥=0. 005X 0.999 8 0~100 0.0020 0. 006 6
] Y=0. 020X-0. 001 0.999 8 0~100 0.003 4 0.011

2.1.2 BEEXE IUERIRASPRERT, SRS IK, 4 BILL S 0 2 BT SR b vff s 25
(RSD), HRSDXI/NT2.0%, FEBRLZRE % R I,
2.1.3 ESMZE WEHESRES 70, R (L3017 kR aSIER, HERRE, &
TEEMRAE N RSD H/NT 3. 0%, FHHiZrikEE R IT,
2.1.4 FAEMRE BOSSHRAHRNIEE, % “1.3.37 FESMTFO0. 2, 4, 6, 8, 10, 12 hitfT
e, Lo REITE RSD, HRSDI/PNT 5. 0%, FKHFEEER T,
2.1.5 MIREELIE FHERI6 ML E S EMNESRMRMN 0.5 ¢, MANIERPRIERIT,
FERE 13017 Jriki A g, AR E , TR B0 T 0 F B IIRR U Ay 82. 3%~102%,
RSD 4 1. 8%~4. 9%, FHH1% )7 1% 0l LIF 2 5L 00 BoR
2.2 EEARREEBMNFISFHITERBHNERSH

ICP-MS A ZE R R, Fri 18 FoeZBR R, Pd. InAMEEZSHESIA RS A R . R SPSS
26. OFRAF AT B8 BANEIALE) 18 FhOC KA TIREEAT, FRPr. Niy TIAh, HA 12MocH & 2R
ANET R & E 5 (p<0.05), WE2, WEEAKFRE, Cu. Mn, Bafifil, 2. H & EHE
&, ¥RT7.000 mg-kg's Pty Ru. TIESEAXEAR, #/MTF0.020 mg kg, HRATHESELTHE
ZIHl,

2 WEPISFOCRN S ENESLE R (R, me-ke?)

Table 2 Determination results of 15 elements in Scutellaria baicalensis(x+s, mg-kg™)

Element Root Stem Leaf

Cu

As 0. 104 1+0. 026 2" 0. 182 2+0. 040 3* 0.271 0+0. 056 6™
Cd 0. 030 5+0. 009 0™ 0. 049 9+0. 007 9* 0. 048 7+0. 008 3*
Hg 0. 009 5+0. 002 5" 0. 154 6+0. 221 5* 0. 028 4+0.013 4"
Pb 0. 259 4+0. 089 3" 0. 691 3+0. 165 7* 1.211 8+0. 158 9"
v 0.424 3+0. 177 3" 0. 804 7+0. 261 9* 0.819 4+0.311 7*
Cr 0. 576 0+0. 286 1" 7. 082 0+3. 068 7* 1. 865 2+0. 402 2*
Mn 7. 849 9+1.993 7" 32.923 3+9. 528 6™ 61.295 3+13. 565 4™
Co 0.091 3+0. 029 3" 0. 176 3+0. 049 0" 0. 177 2+0. 055 8"
Ni 1.070 7+1. 4857 0.9182+0.313 8 0.737 3+0. 161 8
Mo 0.271 8+0. 094 8" 0. 191 0+0. 045 7* 0. 621 8+0. 185 0™
Ru 0. 015 1+0. 000 2° 0. 015 5+0. 000 5° 0. 018 7+0. 007 4™
Ba 31.781 4+6. 481 4" 98. 355 9+16. 661 4™ 152. 555 1+21. 696 0™
Pt 0. 007 2+0. 000 4 0. 007 2+0. 000 4 0. 008 3+0. 003 6
Tl 0. 019 3+0. 006 3° 0. 019 8+0. 004 3° 0. 016 8+0. 004 1

11.041 0+2. 135 6™

9.219 5+1.370 4*

8.200 1+1.935 8"

Different lowercase letters in the same row indicate significant differences at p<0. 05; a, b, and c represent the root, stem, and leaf of Scutel-

laria baicalensis, respectively (]l —fT AR [F/NE FEEFIR p<0. 055 afCREXM, bIVEREHE L, UEHEZM)

2.3 HFEHEZHHEZAREBAMITE

2.3.1 REHMEDW b 7 EWHL TS A AL B R A FH R R R, 204t

LR ZEM I C R S B SN Origin 2024 A TIH— 03, ISR 2, LRI 1,
WA TR PR, HECEESE LHFEEREER . TERBLREI, RiEcx

TEACE, WREHRAPZ: F—KFF Mo, Cd. Mn., Ba, Pb, Co. V. As, SR, T

HAEZE G e B F 284G T, Cr. Pt. Ru. Ni, HgMllCu, RS RAIREAR. IR

BT, EARESERRIS, GI5, Y5, Y12, Yi44h, HARESIEWHEAR . 25, W32, W

TR M BERARATE WS EWMWE ., [ — T REESAFEIRON & BAEEER: BSRP Cu S &

WEET A TL, Cr. CA7EZEPE &5 T HAMAL; Mo, Ba, Pb, Mo, AsfEM & &L,

R, ZEREHY, AT TRETREREBESNR . 22, W75,

2.3.2 ERSSMEEZRENZFHFNSM R SPSS 26. 03] 85 A [F]FRAL AL Hi i) 15 Fh
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PR FAE B %570 2 B R 43 A A5 1 56 S AE 8
#. As, Pb, Ba, Mn., CofENEE—FHurmE 5
AR R, MR T e S I T B AE (Y A O
SFREE, XUT RS T E LR ST W
%, JEEHE R R R R T A — 02
JEU A T 2 W O £ 2 e A b

0

3—J7H, &3 SR A B S B 5 T K T
PN ZGR N TESL BT AL, TR A G TR

MM e S Bonadla 1 20 ML R A
FRAE B B 0T FH A [l 40 Ok 5507 s o ) o i — 3K Fig. 1  Cluster heatmap of 20 batches of Scutellaria baicalen-
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2%,

3 EEARIEELY M HIEE B 7 ZE TR

Table 3 Eigenvalues and variance contribution rates of principal components for different parts of Scutellaria baicalensts

Principal component Eigenvalue Variance contribution rate/% Cumulative variance contribution rate/%
1 6. 089 40. 593 40. 593
2 2. 609 17.391 57.985
3 2.281 15. 205 73. 190
4 1.489 9.926 83.116

F4 WEARREFRALH 15 FhoT I P TR AT

Table 4  Factor loading matrix of 15 elements in different parts of Scutellaria baicalensis

Element PC1 PC2 PC3 PC4 Element PC1 PC2 PC3 PC4
As 0.961 -0. 030 0. 028 0. 138 Mo 0.493 -0. 640 0.316 0. 127
Pb 0.953 -0. 147 0.081 0.053 Cr 0.361 0. 566 -0. 553 -0.338
Ba 0. 894 —0. 244 0. 062 -0.072 Pt 0.298 0. 464 0. 806 -0.028
Mn 0. 880 —-0. 369 -0. 064 0.038 Ru 0.392 0. 407 0.793 -0.014
Co 0. 834 0.309 -0. 276 0.110 Cu -0. 407 0.411 0. 458 -0. 357
A4 0.791 0.274 -0.304 0. 149 Ni -0.115 0. 389 -0. 152 0. 693
Cd 0.737 0.276 0. 129 -0. 364 Hg 0. 163 0. 391 -0. 404 -0.514
Tl -0. 005 0.748 -0.019 0.538

St — A5 e 5 HR A A2 2R R SIMCA 14, 18R4E, W 35 4% B8 i UE AT 1IE A 1
/N FH 43 BT (OPLS-DA) ™Y, 15 B RRI 2280k R°X=0. 679, R*Y=0.859, (°=0.814, ¥ KT 0.5,
FZERO AR, A AR . 25 B TR X g o WFEu AR [ (1] 2A) FnZenr [ (161 2B ) &
B, Hg. Cr. Co. Cd, VILHEAHEZEWFFHETLE, Mo, Ru, PUCEREFSHRHETE, Cu. TL
Ni TR E S RAFFETCE . Mn, Ba, As, Ph7EZERAIMMAZH AL, AMELFEINFHMETE ., LLVIP> 1
YER X A WA ETOL N FahR, KB Cr. Mo, Pb, Ba, Mn, As, Co, Hg, VAHFENERHEESLE
FAETRE20) . RHEIRLE (n=200) % LRI HITREE, KIS R=(0.0, 0.0304), Q=
(0.0, -0.206), WK 2D, ZZvmbEHLHER A2 00 RPA QR /N T Am i SR LA MR, 6 HA T R )
HRUF, SSRAEER, W LRE SRR AL T A RO

ZE BFR, PCAIG/R 130 2 AN R v e 22748 e /- FRAE, T OPLS—-DA DI #E— 25 3 16 H
AL R E A SRR R AR R T E . XPIR T ESE G, BESERH T B AN )R o0 R AR R A s
REH, WHHER T 5RO 2K B AR DGR S fe b, R TN R SR RIER AT B HIE B IR
1o T i it 3
2.3.3 TEMHEXMERBESNT MIERESARFRA TR B WA EAVEH, R Origin 2024 X AF#E1T
Spearman*ﬁ%'ﬁﬁ’*ﬁ, e R D S BRI 3) . A PEsm s Ji o be E SR RN R, Hdrafa/
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BZ AR RIEA G, WO EERRAME, 4iRER, SR, 2, 1sFocEb S5 9 X,
15%F, 19X BB F EAHK(p<0.01), 8XF, 14%F, 104 REFEMA(p<0.05), 15, 0XF, 0XF
EWRETAR(p<0.01), 3%, 0XF, LA BEFRMR(p<0.05), kL, As, Pb, VHEILEIES
IO IEA R B REE, MAs 5P, V, Cr, CoZ¥RNFTFMAE, ML T, o fitH%
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Fig. 2 OPLS-DA score plot(A), loading plot(B), VIP scores plot(C), permutation test plot(D)

of different parts of Scutellaria baicalensis
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Fig.3 Correlation heatmaps of 15 heavy metals and harmful elements in different parts of Scutellaria baicalensis

WA, ZE| Hon RN R AR E R, T AESEETERIL. BH5HER
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Fig. 4 Cumulative bar chart of the contents of 5 heavy metals and harmful elements in different parts of Scutellaria baicalensis
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Fig. 5 Bar charts of the single pollution index(P,) and
Nemerow integrated pollution index (P, ) for different

parts of Scutellaria baicalensis
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SN B4R 90 ds ED A AFE N — R I B ERAERR , SH204F; AT K-F- 3%y KE=365%70=
25 550; HRIEEEFGSHIRMEA Cd. As. Cu. Pb., HgZH5HE RFDAE 44 0. 001, 0.000 3, 0.04,
0.004, 0.000 3 mg-kg" , CSFRAZBERIZRE T, Pb, CAdFAs HF —~ENSUETIE, H CSFoHh
0.0085., 6.1, 1.5mg-kg"-d"™, BT EINEAELFIE SR, HOH HUFUESEUEXESE (TCR) PEAE
AR S0 XS A EUE KBS, HIH THQ,,. THQ,.. THQ,. THQ, FI THQ, HJEAI, TCR & CR,. CR,.
CR,, 2 FlI™,
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DUBS: PEA AR PRI, 85 ZAR 2R v i) 5 Fh el 42 Jm S A F e E IR AL E o B @R, AT R4

F 5 WAAIETROLN S FhE B JE B H TR EDLIFAE 2R (mg kg™
Table 5 Assessment results of EDI of 5 heavy metals and harmful elements in different parts of Scutellaria baicalensis(mg-kg™)
L Root Stem Leaf
Element PTDI limit
EDL EDL e EDL EDL e EDL EDL
Cu 0. 500 000 00 0.001 975 12 0.001 012 93 0. 001 649 27 0. 000 845 82 0.001 467 05 0. 000 752 37
As 0. 002 140 00 0.000018 61 0. 000 009 54 0. 000 032 58 0.000016 71 0. 000 048 44 0. 000 024 84
Cd 0. 000 830 00 0. 000 005 45 0. 000 002 79 0. 000 008 92 0. 000 004 58 0. 000 008 71 0. 000 004 47
Hg 0. 000 570 00 0. 000 001 69 0. 000 000 87 0. 000 027 62 0.000 014 17 0. 000 005 08 0. 000 002 60
Pb 0. 003 570 00 0. 000 046 39 0. 000 023 79 0. 000 123 67 0. 000 063 42 0.000 216 77 0.000 111 17
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Fig. 7 CR values of 3 heavy metals and harmful elements in different parts of Scutellaria baicalensis
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