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Analysis of Inorganic Elements in Hair
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Abstract: Inorganic elements are closely related to human health. Although their concentrations are tiny, inorganic elements
play an important role in human health. In general, inorganic elements have an optimum concentration range in human
body. Lack or excess of inorganic elements may be harmful to human health. Although blood and urine are the most
common biological materials used to determine the levels of many metals or metalloids, the analysis of hair has certain
advantages, including the simple matrix, easy sampling, transfer and storage. Additionally, while metal concentrations in
blood and urine decrease rapidly after exposure, hair appears to be of greater value in evaluating past and ongoing exposure
to high levels of metals. Recently, many scholars have found that the content of inorganic elements in hair is closely related
to human health. Therefore, hair, as a new type of sample for inorganic elements analysis, has been paid more and more
attention. This article reviews the recent development at home and abroad on the determination of inorganic elements in
hair, including comparison of washing approaches, extraction methods and analysis techniques.

Keywords: hair; inorganic elements; sample preparation; review

%5 H #A:2016-12-03

E&TH . HRKA KRB I GEAETH (81302613) 5 1 iff ik
[ 2 5 92 9 % W B U H (17DZ2273200) 5 6 5K T A& T
FEI H (2016YFC0503607) ; [ 5 2 s & Tl AfF 52 35 H (2016YFCO8
00704 ) ; [ 5K A AR} 24 Bk g 11 151 H (81671868 ; L i vl k&
S Ll B AR R 55F & ¥ Bh I H (16DZ2290900)

EEB A . IR (1986—), 53, FEE N, 2N FHEY 77
Brfiff 7% ; E—mail: luorx@ssfjd.cn,

BIEEE . S (1978—), B mIWFoT 61, 3225 553 ) 43 Hr ot
7%, E—mail: madong@ssfjd.cn,

BEEE . 28X (1957—), B WF5E 01, o o A S 0, 3=
FNFHFY P . E-mail:zhuoxy@ssfjd.cn,,

.23 .



Chinese Journal of Forensic Sciences, 2017, No.4 Total No.93

NN ICZ 53 A 78 PR 4 W 1 JE k2 DA B
PR W 45 05 i BA oy Tz . AMEN TR 4
B T B9 RE Ay I | PR R, AEAH FE T 1 R PR
S R HAT WO T By IR AF TR i AL,
I H kB L F34 1.0~1.4 em 19380 B2 A K12 AT L)
3k Sk 53 B O T R A KT — B N AR TT R AR R
L PRI SR JH Sk K VR A bE , B LS P A

Sk T B R AR M S P, Sk R K
v i T 04 75 75 W) Jo 3 Ao e 30 e AR e 0 Bl 48 AR
3o B ITRIEB RN SHEE AL G MHEA
MEAS T MEITTREBIEE' K, I HifETT
F— BUURUN R A 2 Pk 0 e

S L R RTE 1929 R TP AKOT R
AP A R HER M A AT SR - 2 B RS
FrRE, TR T EA P . — 7 TR E AP 3k
KA R Gg TAMREE b W ) 32 375 e | 7T BE G A
MR BN HER . o5 — 5, kAP IoT RS B
MLV | PR VRO W 2 0 A4 9 0 2 1 L SR
s NATTBUSE Y £E A

IR R AE AN JC R R — E 2 B
B EARIEA, ~EHRFCERAELR T
H 3 U T R Y i BB 8 AR AL L
Fo B35 75 Y012 8] A7 AE — 5E B AH DG . TRl I Foo
SRR 5E 45 - R W B & h B 225 R (Pb Mn Hg) &
5 PRI P2 OT R A & i Z A AR R A O OC
F 01 B2k &4y B Ay # AT LA SR, — B B[] PN 4 T
RUZEEE1E L . Niculescu™ ¥ B 5% 3k & w4 e & 155 1
W R EEZEA R RGBS LTSRS
A 7 5 IR A DG OGRSk S nl LIAE B B RO
FRER IR AL, R DA 2L (WHO ) 75 Ab 3 — 26 5 4>
Ja TP R G20 I RE Sk K A by — Fof ] REAG A1 [R] IS
TR SE FE IR ORI R (EPA) A E N il 58 4%
By ORSEITTR ML R AW B R A [ B 5T g
4 (TAEA ) W 3Kk VE S e b4 T W I 42 3R o 26 K
AR T UL Sk R AR S TEHLIT R o3 A A
BOR B2 B AL, Kk & P EALIT R A ST
PERELEARIT

1 KEMRE

B T 00 Hr 08 3k K DR W 452 R e T LA
bR, SRR Sk I R U S AL 5~6 AN X s, HIA

.24 .

5 A T N Sk Bz B B R Y S AU A N T Y
RO URARN  AFTETIRAL

2 KEHETH

KR KRGS, A5 Z RN TN
1YY R T BRAMIE A TS Y | LR A I 45 R ) o
itk SR 4 JE T R AN 15 4L 107 PR AR,
— ST A R AT R AR S 5 3k kR S A T
EE5 4G, B RO HBAT B R W B RE 0, HRn, B
bR 568 & 205 38 SR A ikt 4f
PN A3 IV TN
2.1 ERAMBERKH

WA R B TR A PUEF (B 5N
B ) 5 AR B 4k 205 50 (il @ (Triton X-100) ) ;25 F1k
FT5 7] (F T BE SRR RSN (SDS) ) ; 25 A1 (EDTA ) ;
R B U (B HC1 28 NaOH ¥90) .

Bass AN T VERITE VR ROR 5 3k K 52 15 YL i
£ DA KA 32 B T 3R A G o AN R 3 e S I BRAS
e TG, A BRI 1 R,

£1 FARBEREZAEAERNTE

SRV H BB BT TR
Triton X-100 Sh.Ba.Co.Fe Mg Mn!'*")

SDS Cr.Cu.Se.Sh As Zn Ca"*™
EDTA Ca.Cr.Cu.Sh.K . Fe Mn Mg Ph. Zn!"*
fi HC Cr.Cd .Pb!

i NaOH Asl2!
P (IAEA) Cd . .Pb K™

22 LEWMBFRAZE

3 SR B T e Ak SR L 5 v 0 o 45 R A T R
{ER H A R b i R S — A b v A A Pk I i
X, EL S M T AN [ S5 50 S 00 H0CH 1 T M A T
FeE B bR sk & 09 3 vk 32 2R A PR R 7
ALK HE 7 1Y 7 15, B TAEA ¥ {H 2 TAEA ¥
(5 DRI HA K R LV 700 9 TR, XA L8 T R
T LIRS HAE R AR 22 R 2 R R
AR
2.2.1 IAEA #EFE ik

[ b J5L 7 REHLM AR 1978 AF w04 4 47 % FH N
i —7K =K~ 9 7 R Ve B & . BT Kk &



(35 P K 2l A TAEA 352 3% 05 i 2 8 F K fig
% X B 5k B F B & 2R 1m0 T HLER AR 22 45 43, i
TR B D) T AAR e Fg 2 B B T 8 2 v B i R TR
LG8 fH Al A 2 0 TAEA ¥4 T Bt 5E , Mandal®!
NN TAEA W78 T T A RE A RN B BRI 5 T B &
Fe R Y CAHLIC K MikasaPI BF 77 45 S K IIAEA
ol Lk & i A JE AR A JE Y KK
2.2.2 Z A5 R 5 LA

TAEA 323 £ 7K AP i 5 s e 05, J2 e %
TR R VR T 1 o T TR I BRI BB Y T FR I Y AL
A 2E T TAEA MR R R AR 22 B T & T
R ATt BEN TAEA J7 vk b7 ek s #i 4l B O
B e 2 AT VR T IR 58 . Puchyr! e Xt 3k &
2 Fh o0 2 4 B B R 56 A 0.5 % Triton X-100 P& %
T 4R RIE PR A TAEA 35354798 ; Senofonte™IE
Y BE T 19 TR NS HEE RS IKKCR -
ik 55 7 B B VR A .5 % ) EDTA LA K 25 85 1 /K 5t
Sk R MATIEYE . B BT R B 5 LA A5 T £ Ak
P51 JC 2 IS B, T TR AR AT B Kk
2.3 BERBRMITRA

T IR E L B AR DEROCR | B TE B R B
FBRAMIF T Y B [l B SOAS 22 T4 R TR G 2R Ve
sk, I A 2 B DR RO UEA T IEAN V8 DR T
£l 32 B0 45 7 IAT . — 2 PEAG AN T K PR 6 Rk
R IR MR C R B A X A RSk
RIEATIHVE X R BT 5 2R 58 Sk A TH VeSS &
TOCE & T IOSHE UERCR ST IEAL . H R, w0
PEAR 7 VAL FE < S A e AR P H T I A B 4 A
L e HoAtn 1 97 95279 Buckley™ i) BF 5% 45 SR 26 ] 24
FETEREANG Yok T VR I R REBR 2o MR . PRI,
MAFTEREING Y | Sk & AR B A REH T IRAG A
RN EETC R IR B
3 LEREMR

Sk R AR by AR TR IUARE & B T B L AR 4 #7 J7
A0 T AR (NAA )P X528 9% 566 1% 23 B
(XRF)BIR] 5 42 53 8 A6, R 2280009 43 0 7 ik i 1CP-
MS ICP-AES ¥ 25K 3k A AL AR B it I L34 50 1 4
W, SRR EEH RN Tk & BRI oo
R 5 ILAFd oy o0 8 JF 5 0 A6 T ff e L O B
() B — AR A o3 . E R FH T i A e T K

PEEEEZT 201745 4m (A3 M)

P BRI AL DT . RIS HA S H
(ELAR BRAE T8 A e a5 (B — SRR T R e
TR 25 PF R 2 By A0 % X O G A 00 el 34 v T
fifp DA L4 A ) B0 © 0 B AR AR T AL B 4R
97 5, B A 1 G A4 BT 2T T A SR Bl T
YL OT SRR T ik AR SR AR TR A0 (% 1
T e K LA A A o v 3 A M DGR S B BT
figt T LLAR S 14 A ke WO T T A 0 i (R Bl
TR BRI A Jim S A FRURRISTRE IR, A AN b IR 7
FATESR B B i P B 22 WO TR U7k o JLAR  BE
T 8 77 15 B AN WA R A T R 15 45 B0 AN DR BT
S S 1 ifp ) 75 1 OR B 2 AR A, 491 n U R A Y R e
T AR 070 38 TS TR 24 T 75l O 26 BRI

4 LRHPEHNTESHTRERKZR

41 HERHHILE

k& IR B TR BERR BT 15 45 T I AR Y
ANWTSCHE | SO I A3 BT AR T DL A A Y A
B T RS ARG 0 8 L T e ) o L

POREEE7/R = ST R v O TR s A T 5
RA =TT, A E P EFRIEOERE (GFAAS) -2
KA T W O (F-AAS) ™ H 38 I ) 3
(ETV-AAS)™ " Hy B & 45 85 11K & 3Ot (1CP-
AES) 4 i G 5 55 B 1A BT (ICP-MS) % T %
Kl A . B F 1ICP-MS EA I E Z /ot % | 5
AR FE TP S O 7 H A 43 A4S 3 AH L
F ICP-MS %A% )5 . AAS MM g8 okt £
STV LD TR TTE IS 7N w7l -GG e e N G [
2 AR AN ) 0 i A e i 0] 1547 TCP—-AES 43 #r
L T i 5 AR R X DA Mg e, AN BEME A T 5E As
Hg . Pb .Cd Z50 &™) K It ICP-MS Z #i Bt T Lk
Sy MT LA R R R E T 2 BT
42 BRASHHEAR

ICP-MS & Ji& 28 A AN AN ZE 43 By ] 5 1) 7K 5 A
i, X AL & AR SR T4 0 B2 SR itk AT
G3HT A T B IO R G A AT 48T 7 SE PR R
FeRE S AT R EOR WK R S S AR B AR
I BT R G636 T4 5 43 A7 5 3k 14 nl Sk R
H o EEMEM . B WABHEAR 28 %
3 ok — A SR 5 A5 B IR BT (LA-ICP-MS) BX H |
TR 0 1% — Fi SR B 45 S R BT (LC-1CP-MS) Bk

.25 .



Chinese Journal of Forensic Sciences, 2017, No.4 Total No.93

FH AR 3 — F R B 55 B8 T I T (GC-1CP-MS)
5 FH R 6 4 A8 H VK — R R 45 4 B 1R 3% (CE-ICP-
MS)EH

LA-ICP-MS J2& F1| F /&5 A8 ot WO K [ AR 5 1
TS B A ICP, 1% 7 ¥ e 1 W03 T8 A A o 1Y
PRI AT B o5, I HL B 17 /K AR Py B0 22 I 85 1
T, 58 T ICP-MS 9 52 brAs il 5 3, {02
T B i B v SR OG R W S MR R D N A
A 58 42 VT L (9 4 K E L3R 75508 73 LA-ICP-MSTE
O3 ML 2 ME LAAS 22 0

LC-ICP-MS .GC-ICP-MS LA} CE-ICP-MS /&
HEr & WHOTRIE S EoR , Horp LC-ICP-MS
EHAT B EN BA T ZE HEN T RIS
MrdiAR ., 5 GC ML, LC il % R7E IR T 27, % &
S AR TR E LB W 0 5 8 AN 75 Z AT A AR, i
GC-ICP-MS X} F M5 K 4 )8 R H &R ALY, 7
SR G AR L & WAL A R R R A5 R AT
Az Al Ty RV L A 1 4 T S SR SR S Y
CE-ICP-MS 2 i izt B il 17 fre A4S Hh vk B, 437
YIRS R R

5 RE¥

FUA, B A AR5 T8 A& T BT &R i 0 B £ 2
Ml S8 1 B R BT UE RO LT R B S A
A B 2 ) Y O 2R, AN T 3t DX AN () 45 i (AN [ 1 )
ABEZ 6]k R ICR S R 22 57 5507, BEE B AT
VeI IR B AN Wk | 3 VR ASCR (9 AN W i v, B 20 A
5 2 ) A PR AT AR R AT B B R B O BT AU
SRR, SR B Hh R AOR BRI BR T A BE
R BB | 100K R R g 23 BT 45 R B R 1  [R] F 6
o Sl SR SEPNIN 3 SN RN S
BRI HA LR XL,

& 3Rk

[ 1] Suzuki T. Hair and Nails: Advantages and Pitfalls When
Used in Biological Monitoring]M]. New York: Plenum, 1988:
623-640.

[2 ] Beumer JH, Bosman IJ,Maes RA. Hair as a Biological
Specimen for Therapeutic Drug Monitoring|J]. International
Journal of Clinical Practice, 2001,55(6): 353-357.

[3] % FAH. kAP HEATH TR RIRE]] LT EF
2 & ,2007,13(1): 41-43.

.26 -

[ 4] Althausen TL, Gunther L. Acute Arsenic Poisoning:a Report
of Seven Cases and a Study of Arsenic Excretion with Espe-
cial Reference to Hair [J]. JAMA, 1929,92(24): 2002-2006.

[5]##kAh, WEL, PH. FANIATELEEZTNHY
al)]. ki F 5 kA7 ,2008,28(9): 2187-2188.

[6] Fido A, Al-Saad S. Toxic Trace Elements in the Hair of
Children with Autism[J]. Autism: the International Journal of
Research and Practice, 2005,9(3): 290-298.

[7]Tan J, Zhu W, Wang W, et al. Selenium in Soil and En-
demic Diseases in China[J]. The Science of the Total Envi-
ronment, 2002,284(1-3): 227-235.

[ 8] Yasuda H, Yoshida K, Segawa M, et al. Metallomics Study
Using Hair Mineral Analysis and Multiple Logistic Regres-
sion Analysis: Relationship Between Cancer and Miner-
als[J]. Environmental Health and Preventive Medicine,
2009, 14(5): 261-266.

[9 ] ShanQin N, RuiPing L, AnJian W. Heavy Metal Content
in Scalp Hair of the Inhabitants Near Dexing Copper
Mine, Jiangxi Province, ChinalJ]. Science China Earth Sci-
ences, 2011,54(5): 780-788.

[10] Zheng J, Luo XJ, Yuan JG, et al. Heavy Metals in Hair of
Residents in an E -waste Recycling Area, SouthChina:
Contents and Assessment of Bodily State[J]. Archives of
Environmental Contamination and Toxicology, 2011,61(4):
696-703.

[11] Foo SC, Tan TC. Elements in the Hair of South—east Asian
Islanders[J]. The Science of the Total Environment, 1998,
209(2-3): 185-192.

[12] Niculescu T, Dumitru R, Botha V, et al. Relationship be-
tween the Lead Concentration in Hair and Occupational
Exposure[J]. British Journal of Industrial Medicine, 1983,
40(1): 67-70.

[13] Druyan ME, Bass DA, Puchyr RF, et al. Determination of
Reference Ranges for Elements in Human Scalp Hairl[J].
Biological Trace Element Research, 1998,62(3): 183-197.

[14] Jenkins.D.W. Biological Monitoring of Toxic Trace Metals
Vol.1 Biological Monitoring and Surveillance[M]. Las Vegas:
EPA-600/3-80-089, 1980.

[15] Puchyr RF, Bass DA, Gajewski R, et al. Preparation of
Hair for Measuremen of Elements by Inductively Coupled
PlasmaMass Spectrometry (ICP-MS)[J]. Biological Trace
Element Research,1998,62(3): 167-182.

[16] %k, & F. £ & o 47 hah B A[M]. 367 FH 3 domak |
2010:462.

[17] Bass DA, Hickok D, Quig D, et al. Trace Element Analy-
sis in Hair Factors Determining Accuracy, Precision, and
Reliability[J]. Alternative Medicine Review, 2001,6(5):
472-481.



[18] Bate LC. Adsorption and Elution of Trace Elements on Hu-
man Hair[J]. The International Journal of Applied Radiation
and Isotopes, 1966,17(7): 417-423.

[19] Borella P, Rovesti S, Caselgrandi E, et al. Quality Control
in Hair Analysis:a SystematicStudy on Washing Procedure
for Trace Element Determination[J]. Mikrochim Acta, 1996,
123(1): 271-280.

[20] Morton J, Carolan VA, Gardiner PHE. Removal of Exoge-
nously Bound Elements from Human Hair Various Wash-
ing Procedures and Determination by Inductively Coupled
Plasma Mass Spectrometry|J]. Analytica Chimica Acta, 2002,
455(1): 23-34.

[21] # e F , %) 2 & 3k K & @R b A oy s L 7 kAR R 2
A B ,1988,1 (4): 4-7.

[22] Rodrigues JL, Batista BL, Nunes JA, et al. Evaluation of
the Use of Human Hair for Biomonitoring the Deficiency of
Essential and Exposure to Toxic Elements[J]. The Science
of the Total Environment, 2008,405(1-3): 370-376.

[23] Mandal BK, Ogra Y, Suzuki KT. Speciation of Arsenic in
Human Nail and Hair from Arsenic —affected Area by
HPLC—inductively Coupled Argon Plasma Mass Spectrom-
etry[J]. Toxicology and Applied Pharmacology, 2003,189
(2): 73-83.

[24] Mikasa H, Suzuki Y, Fujii N, et al. Adsorption and Elu-
tion of Metal on Hair{J]. Biological Trace Element Research,
1988,16(1): 59-66.

[25] Senofonte O, Violante N, Caroli S. Assessment of Reference
Values for in Human Hair of Urban Schoolboys Ele-
ments[J]. Journal of Trace Elements in Medicine and Biol-
ogy, 2000,14(1): 6-13.

[26] Buckley RA, HCAChem, Dreosti IE. Radioisotopic Studies
Concerning the Efficacy of Standard Washing Procedures
for the Cleansing of Hair before Zinc Analysis|J]. The Ameri-
can Journal of Clinical Nutrition, 1984 ,40(4): 840-846.

[27] Ellis KJ, Yasumura S, Cohn SH. Hair Cadmium Content:
Is It a Biological Indicator of the Body Burden of Cadmium
for the Occupationally Exposed Worker?[J]. American Jour-
nal of Industrial Medicine, 1981,2(4): 323-330.

[28] Jervis RE, Tiefenbach B, Chattopadhyay A. Scalp Hair as
a Monitor of Population Exposure to Environmental Pollu-
tants[J]. Journal of Radioanalytical and Nuclear Chemistry,
1977,37(2): 751-760.

[29] Chattopadhyay A,Roberts TM, JervisRE. Scalp Hair as a
Monitor of Community Exposure to Lead[J]. Archives of En-
vironmental Health, 1977 ,32(5): 226-236.

[30] Dang HS, Jaiswal DD, Mehta U, et al. Trace Element
Changes in Hair During Pregnancy: Preliminary Study [J].
Science of The Total Environment, 1983,31(2): 187-192.

PEEEEZT 201745 4m (A3 M)

[31] shst 3k& F A uF. P FEREARTH T EREA
P B e A )] AL F 5 RS ,2003,25(4):
215-218.

[32] Jamet A, Santander M, Peiia L, et al. Trace Elements in
the Hair of Workers of a Copper Mine and of Children
Living in the Vicinity[J]. Journal of Radioanalytical and
Nuclear Chemistry, 1991,155(6): 383-389.

33| %%, &k 2, Fu 5. ALHERFHELZG XRF 4
A1 Bl A= % ,2004,17(3): 135-138.

[34] Ming Y, Bing L. Determination of Rare Earth Elements in

Human Hair and Wheat Flour Reference Materials by In-

ductively Coupled Plasma Mass Spectrometry with Dry

Ashing and Microwave Digestion[]J]. Spectrochimica Acta

Part B, 1998,53(10): 1447-1454.

Rodushkin I, Ruth T, Huhtasaari A. Comparison of Two

Digestion Method for Elemental Determinations in Plant

135

—_

Material by ICP Techniques[J]. Analytica Chimica Acta,
1999,378(1-3): 191-200.

[36] Samanta G, Sharma R, Roychowdhury T, et al. Arsenic
and Other Elements in Hair, Nails, and Skin-scales of
Arsenic Victims in West Bengal, India [J]. Science of the
Total Environment, 2004,326(1-3): 33-47.

[37] Rodrigues JL, Nunes JA, Batista BL, et al. A Fast Method
for the Determination of 16 Elements in Hair Samples by
Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
with Tetramethylammonium Hydroxide Solubilization at
Room Temperature[J]. Journal of Analytical Atomic Spec-
trometry, 2008,23(7): 992-996.

[38] Moreda—Pineiro J, Alonso—Rodriguez E, Lopez—Mahia P,
et al. Determination of Major and Trace Elements in Hu-
man Scalp Hair by Pressurized -liquid Extraction with
Acetic Acid and Inductively Coupled Plasma—optical-emis-
sion Spectrometry [J]. Analytical and Bioanalytical Chem-
istry,, 2007,388(2): 441-449.

[39] Batista BL, Rodrigues JL, Souza VC, et al. A fast Ultra-
sound-assisted Extraction Procedure for Trace Elements
Determination in Hair Samples by ICP-MS for Forensic
Analysis[J]. Forensic Science International, 2009,192 (1-
3): 88-93.

[40] Solovyev ND, Ivanenko NB, Ivanenko AA. Whole Blood
Thallium Determination by GFAAS with High —frequency
Modulation Polarization Zeeman Effect Background Cor-
rection [J]. Biol Trace Elem Res, 2011, 143(1):591-599.

[41] Wang X, Zhuang Z, Zhu E et al. Multielement ICP-AES
Analysis of Hair Samples and a Chemometrics Study for
Cancer Diagnosis[J]. Microchemical Journal, 1995,51(1):
5-14.

[42] LI C-C, KUO M -S. Application of the Acetylacetone

« 27 .



Chinese Journal of Forensic Sciences, 2017, No.4 Total No.93

Chelation Solid—phase Extraction Method to Measurements
of Trace Amounts of Beryllium in Human Hair by GFAAS][J].
Analytical Sciences, 2002,18(5): 607-609.

[43] Kubova J, Handkova V, Medved J, et al. Determination
of Lead and Cadmium in Human Hair by Atomic Absorp-
tion Spectrometric Procedures after Solid Phase Extrac-
tion|J]. Analytica Chimica Acta, 1997,337(3): 329-334.

[44] Rao KS,Balaji T, Rao TP, et al. Determination of Iron,
Cobalt, Nickel, Manganese, Zinc, Copper, Cadmium and
Lead in Human Hair by ICP-AES[J]. Spectrochimica Acta
Part B, 2002,57(8): 1333-1338.

[45] R &, F 58, R, 5. AR ARG A R T GFAAS
MEARHEPAGAR]]. FEZARERE 2005, (15):
402-404.

[46] A KEE M F R, B2 RTFBOKKE P A A
AR B A KRR AR TR AR kiS5 kE S
#7,1995,15(3): 91-96.

[47] Bda, TaRAE, RIEE F. 6 2P RF FOK ARt
)M g K P 4[] 2 A AL BT HR,2005,22(3): 343

- 28 .

346.

[48] RABH, A, T, ©RABEF B THRAHEEMNEA
A 3P 20 A E T E[]] 4 AT AL F,2007,35(3): 423-
426.

[49] F Z ,#A Fd X F o, F. LR B L RABEF R TR
Ji i R o 7 # 3 E(]). 2 AT AL S ,2001,29(11): 1345—
1352.

[50] 38 4 %, 2B F. ICP-MS & i # 7 ik 09 223K []]. % & %
7,2001,21(2): 26-33.

[51] Dressler VL., Santos CMM, Antes FG et al. Total Mercury,
Inorganic Mercury and Methyl Mercury Determination in
Red Winel[J]. Food Analytical Methods, 2012,5(3): 505-
S511.

[S2) T4 B, vk MR, 5. REHSFTRE LA ONLT
HBEIMN T SWBERECEH S PO EA]] £5
MK ,2005, (24): 51-58.

(A %4 .56 1)



