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Elemental Analysis and Heavy Metal Content Evaluation of Lingzhi Spore Powder from Lishui Real
Estate
Hu Hongyao, Ji Lu,Lou Dingshuo, Li Qi, Yu Yang
Lishui City Center for Disease Control and Prevention in Zhejiang Province, Lishui 323000, China
Abstract: Combined with the regional characteristics of Lishui, this study utilized inductively coupled plasma mass
spectrometry (ICP-MS) to determine the elemental and heavy metal contents of locally produced Ganoderma lucidum spore
powder (Chizhi) and self-developed wall-breaking spore powder. Elemental composition analysis and heavy metal safety
evaluations were conducted. The results of elemental analysis revealed significant differences in the content of major elements
among different spore powder samples. Ganoderma lucidum spore powder exhibited higher levels of trace elements such as Fe,
Mn, and Cu compared to other varieties, with no detection of potential toxic elements Li and Sb. Additionally, the study found
variations in elemental content when the same species of Ganoderma was cultivated under different substrates. Heavy metal
safety analysis demonstrated that the heavy metal content in Lishui-produced spore powder was well below regulatory limits,
indicating high safety. Compared to previous studies, the heavy metal content showed significant improvement. However, the
levels of Cr and Ni increased in self-developed wall-breaking spore powder, suggesting the need for targeted control measures
during the wall-breaking process to address this issue.
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AL104 Ji5r 2 — BT RSP IR e R 238 G R
AFE]D) s Milli-Q Integral 5 #E4liKHL (35 H%FE A
F]D ; NexION2000 HLJEHE G55 B R ig (LH Pe
rkinElmer AF]) , A FOFALESAIRERE N, T
fif R IEL IR I AR (AL RSRA R EHMU AR AT AR A FD ;
ETHOS UP $¥i i M#AX (Milestone China) ; #E#NZ4H
MW TN (BF R TR A PR A R]D 5 AFS-9330
JRF R R (b RS RAGERABR A ], 9330-1507
124) . ZJeEENR G Ag. 5 Al. fill As. #1 Ba.
% Be. 45 Ca. 48 Cd. % Co. %% Cr. 4 Cu. %k Fe.
B K. BE Mg. % Mn. 4H Mo. #M Na. 2 Ni. %% Pb.

% Sb. fifi Se. 4 Sn. % Sr. £k Ti. 48 T1. %L V.
Bt 7n, 100w g/ml, PerkinElmer, CL2-135MKBY) ; W
FRIEAR (BWT30144-100-50, 100mg/L, JbHiizSEA)
KSR FRHEVER (BW30029-1000-20, 1000mg/L, dbig
IZBIFRD 5 FEER WA AE T (GBW10197, dbxt
IR ;- MR (FEE Merck A®], K4l , Hhig.
AN, AT, BRBRRIPUR MR (tRgisl, EZ
EHME A RATD

1.3 753%

BRRIGERSS, FTATGESIE (A E R bk
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ICP-MS AXZE S 4L SALIZE: 1350W; 55 BTG
AdE: 15.00L/min; FESME: 1.20L/min; 1k
AU 0.98L/min; SALEURAL: IR RFEREE: 7
mm; KED 5220, #HA AL, 4AifE=99.99%; B|ER
FE 3 e

JEFHRAA NI S H: STHR: 30 mA;
g : 270 Vs JE P mE: 8 mmy JE TR
200°C; #AMIE: 400 ml/min; FEMSAGE: 800 ml/
ming EHOT: WEIAY; SR 9 s,

1. 3. 2 Ff S AT AL 3

R B FR A B R 2 1183 0. 5g RS 42 0. 0001g)
RV ORI AR E H, IMNHRR 5mL, JRAIFE
R, RO ROHRAEY (W3 2) ATHEME.
fR5EA )G, AR, 150°CIN#GE R 2 8 Tk /N,
AHGERZ 2500, RA&EMH, FRHEREE. Gk
BE £ 7Ky DA KA % B A3 0 AT AR v A SR AR 5 R A B
TRIRT AL FRAL B RS .

2 BUSERREY

R ) ] ThZE(W) HEE T2(°C)
1 00:05:00 1800 140
2 00:10:00 1800 170
3 00:10:00 1800 190
4 00:15:00 1800 190
BE 10min
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PAGB 16740-2014 (frih 4B RbrdE fRAER )
MLT/68C 002-2019 (RZT4h) YL T/J7ZLZ 003-201
9 (LFRZY "I WM/T2-2004 (2R K HIF MG
SREFEEATIARIE) " NN FRAE
1.5 MBS

TAFE L EIE 31K, BTE SRR AR R R
B EARUEZ (mean+SD, n=3) . SZEGHHEFKH] SPSS 2
6. 0 GEiHERAEEAT o AT, 7 220 (ANOVA) HF 3 1
b7, LA P<0.05 NZERHEAGIFE XL SLEH e
xcel AL H]5E K.

2 BRSO
2.1 NGRS

2. 1.1 RZMF¥mRzZmEnih

I B A S5 2 AR TR (TCP-MS) R ZK
7= R Z MR R i 2 R R e R TIE, e 4
R 3. BRK. Ca. Na. Mg VUFf EICE S, Mn. Fe.

FEFF RS N B Ut 5 AR A T4 B
SO EAMHZERCR, K uR S EUHEE 1227~1511ng/ke,
Ca JLE S EIEHITE 59. 0~92. 5mg/kg, Na T6.2 4 2 76
£ 0. 912~38. 9mg/kg, Mg JLH & B IEHIFE 128~276mg
/kgo TEANBLFMFHEITCER T, FZATFHH Fel Mn,
Cu. Ses By V. Sr & &I mE Tk EFS N FIf 2
ZRACH R TR SR, WHAZHETRITRE
I AR T AR TRy B AT L1 TR R AE NIETE
BEVETCER, EMAES AR . Sh TR WA,
BIREARNE LT THETCER, (HHAGYIX NER)
T ARG HEE. KESHAAEBENSE, H
BB 2 B M JE Sb & B IAEChRtE . SUbFIRT, AT
R IR E A AP EEAN R R BT ORJE BOL/AREL B09) Ik
BFoiRGEERBENHE, EFETEP, FEB
09 ' K. Ca. Mg HI& &35 m TAE R BOL, A Na
KT BOL, HERIFEEREE (P.05) .
METTE T, B BO1 H Feu Mn. Sn. Mo & THE
f B09, By Al. V. Co. Zn. Se. Sr & &AL THEN B09,
TRMWAEEREE (PO.05) .

R 3 WAKMERZBTFHTESH

P il K Ca Na Mg Al Fe Cu Zn
Fe5 (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
BOI 1413£3%  59.54+1.2¢ 11.440.2¢ 128+ 1.4¢ 10.0+0.13f 219+1.3° 12.8+0.026¢  15.340.074¢
B0O2 1346+10°  92.5+1.5*  12.1+0.17°  216%+2.8° 427+2.8° 198+3.2° 12.8+0.044¢ 15.940.11¢
BO3 1326 +4¢ 64.7+24 8.50+0.07¢ 1694424 52.9+0.44° 38.4+0.2° 14.7+0.13° 17.0+0.10
B04 1227+18"  68.3+3¢ 12.4£0.27¢ 151+1.5° 9.59+0.05¢ 16.3+£0.358  12.54+0.051¢ 15.0+0.17¢
BO5 1507122 62.1k1.4% 3864034  276+2.6°  9.92+0.018f 38.6+0.3¢ 13.0+0.089¢  20.4%0.066°
B06 1291+27¢ 59.3+1° 8.93+0.05¢ 160+£2.9°  9.9240.049" 11.940.2" 12.5+0.071° 12.3+0.13"
BO7 1407+14>  763+£23%  8.99+0.11° 212420 60.9+0.11¢ 258+1.11° 14.740.073° 14.940.20°
BO8 13448 61.3+1.7°  254402° 181+1.8° 58541450 12240.77¢ 12.7+0.015¢ 13.5+0.10°
B09 1511£11*  604%+22¢  0912+0.11F  173+£1.8¢ 201+1.02¢ 24.2+0.45° 13.3£0.04° 17.140.054°
FHME 1375+12 672+1.8 14.14+0.17 185+2.3 152+0.67 103+0.96 13.24+0.059 15.7£0.11
6.55 16.3 79.1 23.9 140 95.5 6.53 14.9
(%)
Mn B Y Ba Co Mo Sn Se Rb
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
511+ 071+ 0.089+ 0.034+ 0.021+ 0.791+ 0.067+
8.74+0.004¢ 6.33+0.013*
0.85% 0.032f 0.050¢ 0.0024¢f 0.0019¢ 0.011f 0.004%
6.19+ 296+ 4,02+ 0.131+ 0.088+ 1.44+
20.1£0.031¢ 0.09940.018*  3.06+0.018"
0.35° 0.08¢ 0.66° 0.0080° 0.00522 0.0078°
2.54+ 0.984+ 0.238+ 5.8010.026 0.041+ 0.016+ 1.15£0.011¢ 0.059+ 3.5040.052¢
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0.18% 0.005¢ 0.0254 0.00064 0.0013¢4 0.012b¢
2.18% 0.994 + 0.049+ 0.029+ 0.018+
7.42+0.028¢ 1.2740.013¢  0.050%0.019¢ 4.2740.053¢
0.744 0.014¢ 0.0104 0.0009f 0.0018¢
3.03+ 5.80+ 0.117% 0.033+ 0.021+ 1.09+
5.9540.049¢ 0.109+0.0072 5.2740.010°
0.88¢ 0.232 0.0794 0.009¢f 0.0091¢ 0.0091¢
225+ 1.15+ 0.032+ 0.037+ 0.011% 0.769+
7.42+0.041¢ 0.074£0.013>  4.75+0.015¢
0.10%4 0.014 0.0284 0.00134 0.00294 0.013¢
478+ 0.426+ 1.34+ 0.122+ 0.067+ 2.58+
5.34£0.045¢ 0.1094+0.0192 4.2240.012f
0.25° 0.023¢ 0.47° 0.0031° 0.0028° 0.0079*
5.69+ 438+ 0.742+ 0.081+ 0.018+ 0.651+
5.77+0.017° 0.108+0.030? 4.76+£0.0234
0.26° 0.018° 0.032¢ 0.0011¢ 0.0020°¢ 0.010"
295+ 3.04+ 0.093+ 0.043 + 0.653+
11.1+0.039° 0.009+£0.00114 0.075£0.033> 5.06£0.017¢
0.67¢ 0.054¢ 0.0084 0.00134 0.012"
227+ 0.754+ 0.061+
3.861+0.48 8.631+0.031 0.03040.005 1.16%£0.011 0.083%0.017 4.581+0.024
0.052 0.15 0.003
40.8 82.8 172 54.3 65.1 92.6 52.2 27.8 21.1
Sr Li Sb g. Pb & E=2. 0mg/kg. Hg FE=0.2mg/kg M As &=
(mg/kg) (mg/kg) (mg/kg) =0.9mg/kg. Pb & =1.8mg/kg. Hg & & =0. Img/kg,
3.2540.026 s e N
LR SR Py Cdy As. Hg IS RS Thnitk, %4
4.76+0.011° I _ !
PEE R . SRS TIWFEs FARLL, WKHL ™= R 21
2.7210.024# IRV,
198400114 THNESESERZATMAE TR KHSE.
2.71£0.011¢ nz:
3.3440.014° B
- 0.40
4.07+0.040¢ %
1.66+0.007" “.?2
422 J_roozsb oo BO1 BO2 B3 @mﬁ;lns BO6 BO7 BO8 BO9
3.414+0.019 =& =N =i
28.0

7 : R FAN R 7 BER IR AN [R] i Fr 8] B A 2 22 = (P<<0.05)
2. 1.2 RZMTRE &8 2 AR PN

R R 2 TR 4 Pby Cdy As. Hg. Cr. N
1 EHEEGBITER, 6 FESEIRH ) 100%, 25500
1. HE 1 w51, Pb jus & &EJEHEE 0. 028~0. 275m
g/kg, Cd JLE & &L/ 0. 082~0. 188mg/kg, As JLEK
SrEVEEZE 0. 078~0. 181mg/kg, Hg TTE & & 7E 0.
007~0. 051mg/kg, Cr JLER & & IEHETE 0. 072~0. 926mg
/kg, Ni TGRS ETUHETE 0.073~1. 17Tmg/kg. BEIRXF T
RZATF, HATMICESARME, A7 briE b AR 5
AR EAREZR, HARYEH bR T/68C 002-2
019 (RET&) M T/JZLZ 003-2019 (&#ERZE) , ¥
REZWTHESEREMEMEN, As FE=1. Omg/k

1 REATFHEERESE

2. 1. 3WBEXNT R Z TRy B4 )8 & B s
WU L TR B R 2 1k R ASEAG A =, B
BCORIIE P, 2 B AR R Z R AR R
ARZ—o BRI REEHIRE W4T B TEAEE, FRX
BEJS A Pby Cdy As. Hgy Cr. Niy Cuix 7 FfisE
SEITHERSEIATRN, TREWEERNE 4. WK 4
AL JCER Cdy Cr. Niv Cu & EIH R ZH 18
CRIEEE) mT RZMH (EE , XEHINE2EAN
(181 el R —3, v RS b H e 2 =X dik o Al B
FARE KR R4E (R ERH 3 B R 2 #11H)
(20200 5 (FHEZHY (20200 , ¥RZTH Pb.
As. Hg. Cd. Cr. Ni. Cu #EN: Pb S E=2. Omg/kg,
As B =1.0mg/kg, Hg 5 &E=0. lmg/kg, Cd ZE=

0.5mg/kg, Cr & =2.0mg/kg, Ni & & =1.0mg/ke,
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Cu JGZF =20mg/kg. LiIHRah{EdmiEEf5, JTEK Pb.
As. Hg. Cd (& B MG RIbRiE, HAEERT S & &K
AR FH A, UL SR T A A K, Cu
TR ERA BT, (BN ERETER N . T cm e
S AEN A BT L g L7, BA S
SINEEE, TUURBE R Cr. Ni & EMRE Rl
BEFIT R Z e — e LEE RS .. RZH1H
(EEE) Cr Ni S PR, TR Z M- CREEE
T LR AR FRAE YO R N o DR, 75 N B AR o T S 1)
T RE R T AE o A RS Yo R, R S2hR
N I AR R S RS B, 7E R R i Rk 2|
T EARBITTER T, /b H S B i defbig 6], JSnlRg
R AT B <5 Ja T R TS G XU
F4 REMFHWERGESRE

Xts t1H pE
A B 0.15+0.18
Pb 1.41 0.19
T B 0.06+0.05
A RE 0.14+0.03
cd -16 0.13
T B 0.17+0.03
A B 0.12+0.05
As 0.55 0.59
T B 0.11+0.04
A BE 0.0240.01
Hg 1.38 0.19
T B 0.01+0.01
A BE 0.37+0.30
cr 459 =0.01*
T B 1.34+0.55
A B 0.28+0.23
Ni -3.78 =0.01*
T B 0.72+0.27
AR 13.22+0.87 24 0.03*
Cu
T B 14.53+1.38
E: PRRORIEERTE BA BEMEER (P<0.05)
:I:\
3 énl’%

RZA TR 2T 5T AT 258 P RT R R f
7, HOtR & B EER R e R ESRITRER
e RS Bt T AR T Beds il 2
AR HLA TR RS R AR, AR A
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R MM 2238 il A 5y v 55 4 X A A e R
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