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EEH Cu, Zn, Ag, Cd 71 Hg KRB EMNSHR"

T F B F /
(1 FMAEBMES SARDESR, FH, 25123, b
2 PEHEBEAENEIAS, KANHRTATRE, LR, 10009) (f)

A E N=#AREROEREFSE, 23MENSE, RABBESSHE FRRMN LI (ICP-
OES) . JEFRUBOt# ik (AAS) MR F Rk (AFS) WE T H Ag, Al, As, Au, B, Ba, Bi, Ca,
Cd, Cr, Co, Cu, Fe, Hg, K, La, Mg, Mn, Mo, Na, Ni, P, Pb, Rb, S, Sb, Se, Sn, Sr, Ti, VAl Zn
SN HTENTE, HARSIAEGEMEBESSH T HIEEK AL (HPLC-ICP-MS) 2447 T H 4 Hg 7t
RIS, 55, BHERHT Cu, Zn, Ag, Cd, Hg R— B KT REEME T LA FFALA 2 51T
WREH: 5L RHEMRBAEML, BWEX Cu, Zn, Ag, Cd, Hg AEBERM RBRES, ER
i) Hg EE LI He"* B 5#78, CHHg' 5 % Hg I 15% LU F. Cu, Zn, Ag, Cd il Hg TEMEIAE AR
RO AN : NER TR LR, NEZPORHE TR SEZHHM; P AR TREELE
Cu, Zn, Ag, Cd, Hg (W RBBES, T Ca IFEISHIER.

XA EHRE, #H, B, 8, |, K, BEEMN

WAAHE (Agaricus blazes Murill) MU E&ERE. 4. TYRABERAESERES, ©%F
ZHEYEEYR, mMERE. BEX. HBE(ZENEALE) S, HANEIEeE . diiE.
M AIDS SRESEEAY L. BR, ENEERESLE C NIRRT, AAKEEERT
BTER D

A IOR RO TH A 0 RRR B S B F R R ST (ICP-OES) | JRFRMOEHEY: (AAS) AR Tk
W (AFS) W T = AR =R E S 32 TN SR, HH HPLCICP-MS 2447 T H + Hg 9%
= B, BIFT Cu, Zn, Ag, Cd, Hg R—EHXTRAERRE FLHR RIEBALE A4S 1T

1 BENFLEMSH

PR E LA BIE T A REEAIAE ELE, B —MERE T LA RETHRM
BRE KRN (P AREE T HE). BERN-AEREFTRETHRALBRERTHRES,
£ AOC TR 48h, R/THABMPABIEIAK, X TFEAMP, EHBTHRS PEHRA.

W EL 0. 5g THRH G B Ti%% Y ETHOS D B MR {LE) Teflon PFA JH##H#F, HIA 8ml
WIHER, TFHET, HEMK. KEEWA2n SEMAE, KE 2h FREHEE, RBNTREF#
7% . 250W, Imin; OW, 1min; 250W, 6min; 400W, Smin; 600W, Smin. JHME52EE, RN
TERWERZERMEF, fTHET, iLHB=4EN NO,EShRekE, REHEBRECEREE
100m! R, MEBFKESOml ZIE, BdZMEARBRGRATE, WHRRASIETHTE
REDERHTRSBONE. 768 AFS W BHRES As 0 Se SR, LHMEBAITERARE, ¥
As (V) H Se(VI) &8RN As() F Se( V), RIKIRIESTRESCH(4 ] HIF.

WHRHEREA0.1—0.3 g 13 60 MM TRHERET Sml BLED, MA 2mL 6mol - 17 HCl R,
BEIHR, KHEFRR2 h, BHFURE4 b, RJFLL4000r - min ~'BL 10min, WEHER. BE
EARBGERE, HEMRBEREIF. BO.5ml FEBRUEFFARBESF, BTERETE He 58
WE; FALERA NH, - H,0 8% pH=7.0, HLIRZHEYHE, S5 AT Hg BEST.

BRERRTREFNERERS, MBEEER, RSO RERTERY IS SRS .

2008 4F 1 F 16 H Wi,
« R ARBEES (No. 30771808) ZHIWH.



13 E/NFE: BHESF Cu, Zn, Ag, Cd il Hg REUEHAAIA TS 95

EWE T %403 8, BEFSN3 B SENEENENESBENPOES, BEA
W TR b SR TRIPRER T BB (] 0SS RETE ), 40 3 FH %54
AR RE TN, REMESHS Cu, Zn, Ag, CdFI Hg R—BHETENSE.

ICP-OES, AAS 1 AFS WML {LEVESEE I 30Hk [4].

ICP-OES e £ McE S BT AT IR T H: Al, 39.152nm; B, 249.T12nm; Ba, 233.527nm; Ce,
418.659nm; La, 333.749nm; Mo, 202.032nm; P, 213.618nm; Rb, 780.026nm; S, 181.972nm; Sr,
216.596nm; Ti, 336.1220m, Heil S B Z AN N, MA.

AAS KJBIEBIE Ca, Cd, Cu, Fe, K, Mg, Mn, Na M Zn ETEF B (MUK ETR); AASH
BIENE Ag, Au, Cr, Co, Ni, Pb, St I VETESR(EERNRETR),

AFS i€ As, Bi, Sb, Se L TESH.

fERAE D He TR & BMWE RIE A9 R A HPLC-ICP-MS BERMY. (1)HPLC. iR Waters
Symmetry Shield RP18 Column (5pm, 3.9mm x 150mm); ¥4k 5% (V/V)CH,0H, 0.06mol - 1’
NH,Ac, 20pg - 17'Bi, 0.1% ( V/V)HSCH,CH,0H; i 1.0ml - min~'; 3}k 50ul PEEK. (2)ICP-
MS: FIH& 5% F B lug - 17'Be, Co, In il UIRBIRER BB R MHITHRIA, REEES
BFASHEhE 1. 2kW; FLOFHEE, BAUK A(F2%0,), HEO.8L - min™', BEHHE 1C; R
HRE 9. 3mm; FEEEHE 0. 2s; WiEATARMIE A He. F PEEK (@ 0. 13mm) f£ 57354 HPLC 1
ICP-MS 0, LAEFIAERIESETAENMEZES. BERER, MrkitE.

FR A Yin Y Rk M GBW07605 Fii AL GBWO7603 iEMIIE H L ERE, SHTESE
M EESHREET S, ERERET 91.7%—106.6% 2| (n=6). fE{FENE R Hg TEE
AOPE, BT YREY R A /% FF NRCC-DOLT-3, 4 Hg EIUkE 4 98.22 +0.09%.

2 ERERRBTRNSR

ERET 2 HTRTENUESERAR L BRI TR, ERETK, PHSKHIRENEE,
i Na ZRBIERT K 58, SUENERA RMEARR K, & Na MEFRE. 55, Satoshi Yoshida
SV RN, SEKER-FEPOREEYML, KREES R SRER | MNERALES,
Ca 70 Sr (9 F BEOVRIK, B, EHMEY YRAREDNR S Z AR

R1 =MHARFHBEREP R HTREBROBELER (n=3)
Table 1 The determined values of 32 elemental contents in Agaricus blazei Murill mushrooms
cultivated in three different regions of southern China (n =3)

TR mhERE AEE HEEHH TR LA IFEEU HRAWH
Ag® 738.5 3.1 2559 +39 1029 +8 Mg 737.319.7 781.9%7.3 766.2 +4.8
Al 111.6 £0.5 44.211.0 175.9£1.9 Mn 4.1+0.3 + 5.820.1 5.6 0.1

As® 310.3 £5.9 104.4 £4.0 307.2 t4.4 Mo nd nd nd

Au’ nd nd nd Na 38.3£3.0 34.010.9 47.97 £0. 06
B 15.110.1 5.9:0.2 13.80 £0. 02 Ni® 45.3+4.9 19.2£1.2 22.1+3.2
Ba*® 623.7+4.0 428.0+21.6 979.8+19.8 P/% 0.936 +0. 004 1. 160 +0. 000 1.023 +0. 004
Bi* 37.3£0.7 27.9+0.3 31.4+£2.7 Pb* 86.7 £5.7 11.9+2.1 133.6 £3.9
Ca 128.7 £1.5 68.1+0.6 146.6 £3.8 Rb 84.31+0.4 82.7+1.8 119.4 +£0. 8
Cd 13.5+0.2 17.2£0.6 12.7 0.4 $/% 0.5564 £+0.0009  0.3667 £0. 0008 0.564 +0. 002
Cr* 257.5+22.6 62.8£3.3 83.98 +0.09 Sh* nd nd nd

Co* 294.4110.8 224.8+27.1 146.2 +4.0 Se”* 425.0£9.3 251.8+15.9 827.1+5.8
Cu 45.6£0.5 110.0+£0.4 49,78 £0.06 Sn* 89.2+4.8 31.9 5.8 181.6 +5.4
Fe 85.9+2.0 56.3+1.8 78.93 £0.03 Sr* 792.4 £11.2 356.2 +£3.9 922.9 +15.5

Hg"* 426.0+5.2 986.4 +£7.2 454.9+7.6 Ti 2.2+0.2 1.26 £0.02 2.910.1

K/ % 2.27 £0.03 2.361 £0. 008 2.210.1 v* nd nd nd

La*® 147.2 £16.6 nd 230.7 £8.5 Zn 85.7x1.0 91.6£2.6 88.7 0.5

B WENmg-kg™!, * BN pg - kg, nd HRAH.
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H el K RE B, EMEXT Cu, Zn, Ag, Cd fI Hg HARBMRRRESH. B HLH
TR (I EHE) ERE S EE, HEH, AFEMSEED Cu, Zn, Ag, Cd I Hg M7
B, AELTLES, WHET Cu, Ag, A H MERTHTEE, HEH, REENIEED
MM TENER; TiZn REER—FROABEEFARERANED, BOUEEREFTRA
B, EMED Cu, Zn, Ag; Cd A Hg WABOHTHEREMENTERATRINRAE (I
FE . UHRTE. GREE. . KRB, BLEE. BRE, PG, B STHEMGHESE) FH
NITTREER.

ARFHAERER, Cu, Zn, Ag, Cd Fl Hg SREBEH K. WIENRE <HEEHTH < <L
BEEL. BTERETFSANEREREYE, SREARCY10d £, JELR=1TERTEX
SERK, EREFEETHTIRTR EERETHLENEFEPOREK, TERERNE
HEtEA, Hit, REFHOERES, Cu, Zn, Ag, Cd 1 Hg SRMER, Lk LR T KK
WEARMR AL TELENER. AL Cofl Ag MEEERELEHY, EIWARENBKRILE
RESREEENACLRSRERYVABER, AFREEHAMENR, B, YHAARTH
tds KTERSBEH, XTHREFREETIHEAZLNERES, Cu, Zn, Ag, A Hg R
BRKNEERNA.
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1 WEREEREMLENRKBERS Cu, Zn, Ag, Cd#l Hg FRAHE
I. WA Agaricus blazei Murill; 2. B Plewrotus cryngii (DC. exfr. ) Quel; 3. HIE\B Plewrotus citrinopileatus sing; 4. ¥WHE; 5. BIEES
Fig.1 Comparison of Cu, Zn, Ag , Cd and Hg contents between Agaricus blazei Murill and four other kinds

of mushrooms produced in the same cultivation region

3 EmED Hg TRESHH

5Cu®', In®*, Ag' M Cd** RFIMR, He'' ATHETREE o 46 0 — SRh BE AL T 4k, AR,
HHEEH AAE YRS EYRCORRIN CH, e (FEEIREY R ETR), Hilk, MHEmEs
B R Hy TEBAHASMTRALE. A THERRN Hg TEBAMTER, NABKEEN
BRI S REO HE, LB CH Hg B F i He—C Z IR R MR, A3CRA 6mol - 17'HCI
e, BAEENHETR, REGUERAF. MEKIKE A HPLCICP-MS ¥4, 7E{L RN
R b, fksEd Hg S0 RFEAE CH,Hg* M Hg"* —FB4s, Hb CHHg' 7E @ bR g =Fb
R AP HE A R AT R He FE R He ', SETLAEZMA, B CHHg SBMERK, HbH
Hg HBIHITE 15% LU F (% 2).

K2 =MAFFHBEREF Hg 24 HPLC-ICP-MS 4R

Table 2  Determination of the mercury species in Agaricus blazei Murill mushrooms produced in
three different cultivation regions of southern China by HPLC-ICP-MS

Wil E v THEEEWL BEREHE
CH,Hg* /ugHg * kg~! 62.6 1.2 72.122.2 62.522.1
Hg?* /ug - kg™! 332.0£8.6 889.0£10.6 384.017.8

(CH,Hg* /% Hg) /% 14.7 7.3 13.7




14 ENFE: EMFES Cu, Zn, Ag, Cd 7 Hg BBUHEND SR 97

4 SEHES Cu, Zn, Ag, Cd, Hg R —ERXTRON BT

&3 A, Cu, Zn, Ag, Cd fl Hg AEMEF RO HIEH RANEYE, RIANNERTHD)
L NERZF OB S BEFHEM, HEAFERTFHOERRUNTEYERERT TEERBA
HFHEE, Mg Mo RRBULFAHRER. P EEMEFTRHEAS Cu, Zn, Ag, Cd Fl Hg 5
2—3, FAERFFBBEIMET, Cu, Zn, Ag, Cd M Hg FRAF, WP SBRUAK (Mg, Mn
5 PERMR, RE1), 5 PABTREEMEN Cu, Zn, Ag, CdF1Hg MRBEES. HUTHEN
BX: (HPEFRAR, ERNEPRREEANKERRL, ROBRHELNERAET; )P EH
#41/fs DNA 1 RNA WARMSY, PARAR, WEREFLRT=RBLXHNET, HRENHE
HRBRAK. Ca EEME PN HRXBVME?, RINE Cu, Zn, Ag, Cd F Hg FEBAF AT
MHFRAM, 5 Ca 8L 5 Cu, Zn, Ag, Cd 1 Hg THMERMALA, HHEMERS Cu, Zn,
Ag, Cd fl Hg M RBUEA. REARMPENEFREM(—ME S TER) SRS G SEXBE
K, Se RERESMAGEYE, BS, Se 55 Cu, Zn, Ag, Cd Al Hg ZEEME R A H I
Re—H. EBRENR, S Se AMMERRIA SRR L0.9636, UWHENERAH
[E) S #1 Se IR AIFL B HLH.

Pb ERE—MEAKISRTE, BEMED Pb FBBR, HOWFHERI I MNERT 82| L5
FREFRE . NEZHOBHZEEXEHEM, 5 ALF Fe HOMRE—B. SHEHR=FAH
FEMEERE T, RRIPb, Al Al Fe MARHEAEMRE. ETEMNETEREERETLR
hREKRRMKKS, Bl P REKPHRABRMRTOERRH, -2 RETH, JMBK
MR EES AU FI P SEFRBER. b FRESEREYRSUARAESR, XHBEAYRA
RETBHAZIREMER, H P ZRRTHEYRER, WY H HE Pb FEREF RSB
8T, BUIHE

#3 EMET Cu, Zn, Ag, Cd, Hg R—EHXTRHAM AR
Table 3 The distribution patterns of Cu, Zn, Ag, Cd, Hg and some related elements in Agaricus blazei Murill

HR (TH) WW (P& EW (ER) ®R (ho) EE (CPE)  ®WE (Ga%)

Cw/mg - kg™ 45.01 54.31 59.78 68.37 93.00 123.7
Zn/mg - kg~ 52.08 74.78 92.87 97.90 142.2 171.9
Ag/mg - kg~ 0.6194 0.9780 1.083 0.9462 1.402 1.822
Cd/mg - kg™ 5.669 9.079 10. 60 13.27 21.64 28.30
He/pg * ng~' 136. 1 150. 2 180.6 141.3 2425 472.8
P/% 0.7324 0.7814 0. 8383 0. 8050 1.218 1.628
S/% 0. 4632 0. 3903 0.5168 0.6151 0.7861 0.9479
Se/pg * kg 276.6 241.8 291. 1 315.0 357.9 495.1
Mg/mg - kg ™! 511.8 690. 4 746.2 807.7 1099 1414
Mn/mg - kg~ 3.798 3.854 4.404 4.383 6.137 7.271
AV/mg - kg~ 35. 61 17.47 5.573 12.51 28.46 33,73
Fe/mg - kg~ 75.97 28.09 13.48 13.52 31.25 32.68
Pb/pg - kg~ 84. 21 65.95 46.55 96. 25 110.6 117.2
K/% 1.387 1.375 1.377 1.419 1.522 1.592
Ca/mg - kg~ 166. 8 53.77 33.50 117.5 62.36 44.75

HEANEE B Cu, Zn, Ag, Cd I Hg WHLEBERIMA AT, X SRERMIHTERA, —%X
RERNTE., HEE. $EEASEEGEEE L, BRENRIAMBAZIAC, 0, K, PH S K
i, TIEMETRPMS SRR TILAMARS, AEE L2 N fg K (Cl & Br) AFIEE,
FERFRS N OEREARE TERRS N OIEGRE. ERETEREAZEORITERNIFE, 7
BERBEEE E N FHNFEESRE, MBSEREAEARESHRESRETE S, NMEK
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ELBMELARMNEE. SIARENR, C17MBr 985 Cu, Zn, Ag, Cd fl Hg METRBESR
Y, FTREXHEME T Cu, Zn, Ag, Cd fl Hg BRFERERARERIEM. Hoh, ICP-OES
B, fHES ALF S S ROER TR ERERBER, WS FRRAN THERERERY
Higt. B—FE, NEYESEHRE, ERENERTOFE-FANILE, AZERY, ¢
FITF Cu, Zn, Ag, Cd 1 Hg NEZ KA TLHMER.

S EFTR, EHESS Cu, Zn, Ag, Cd #1Hg RASGRMARGE S, HP Hg L2 MEASGE, £
Eh He'*, CH,Hg" 4 %4 He LB 15% LUF. Cu, Zn, Ag, Cd fl Hg EBME T LM FREANMN
ERTHE LR, NERPORESBRETEM, 5 Mg, Mo f1 P HOHREEE—B.
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A PRELIMINARY STUDY ON ACCUMULATION CHARACTERISTICS
OF COPPER, ZINC, SILVER, CADMIUM AND MERCURY IN
AGARICUS BLAZEI MURILL

WANG Xiao-ping' LI Ting' LI Bai®
(1 School of Radioactive Medicine and Public Hygiene, Suzhou University, Suzhou, 215123, China;
2 Key Laboratory of Nuclear Analytical Techniques, Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, 100049, China)

ABSTRACT

After a microwave decomposition, the contents of Ag, Al, As, Au, B, Ba, Bi, Ca, Cd, Cr, Co, Cu,
Fe, Hg, K, La, Mg, Mn, Mo, Na, Ni, P, Pb, Rb, S, Sb, Se, Sn, Sr, Ti, V and Zn in the fruiting bodies
of Agaricus blazei Murrill pr;)duced in three different cultivation regions of southern China were determined by
ICP-OES, AAS and AFS, and the mercury species were separated and determined by HPLC-ICP-MS. Moreover,
the distribution patterns of ds elements and some related elements were surveyed in Agaricus blazet Murrill.
Compared with other mushrooms, Agaricus blazei Murrill has a peculiar characteristic of accumulating Cu, Zn,
Ag, Cd and Hg in its tissues. Only two mercury species were found in Agaricus blazei Murrill, a great majority
of accumulated mercury is in the form of Hg**, and the ratios of CH,Hg*/Hg,,, in all samples are below
15.0% . From low stipe to high stipe, from centric pileus to outer pileus, the contents of Cu, Zn, Ag, Cd and
Hg in Agaricus blazei Murrill become more and more high, P can facilitate ds element accumulation, but Ca
seems to play an opposite role.

Keywords: Agaricus blazei Murrill, copper, zine, silver, cadmium, mercury, speciation analysis.



