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Mercury Speciation Analysis Method in Edible Mushrooms Base on
Partial Least Squares Combined with Atomic Fluorescence
Spectrometry

CHEN Zhan®, LUO Xiao-juan, WU Xun

(Guangxi Zhuang Autonomous Region Center for Disease Control and Prevention, Nanning 530028, China)

Abstract: A high efficiency analysis method for mercury speciation analysis in edible mushrooms
with low instrument requirements and technical threshold was established. Instead of typical separa-
tion methods such as liquid chromatography and gas chromatography, the partial least squares (PLS)
with atomic fluorescence spectrometry (AFS) can achieve accurate, convenient and efficient detec-
tion of divalent inorganic mercury (Hg™*) and methyl mercury(MeHg"). A PLS model was built based
on the atomic fluorescence spectral data of a series of Hg™ and MeHg" mixed standard solutions with
known concentrations as the training set. The detection range for Hg” and MeHg" were 0. 2—10 ng/mL
and 0. 5-25 ng/mL. The numbers of factors for Hg™ and MeHg" were set at three and two, and the
corresponding minimum prediction error sum of squares (PRESS) were 0. 046 6 and 0. 034 8. The
squared correlation coefficients (R?,) between predicted concentration and actual concentration of
Hg* and MeHg" in the training set calculating by the model were 0.999 2 and 0.998 9, and the
squared correlation coefficient (R?,) in the independent prediction set was 0. 998 3 both. The root
mean square errors of difference (RMSD) were 0. 127 ng/mL and 0. 346 ng/mL, and the relative er-
rors of prediction(REP) were 2. 59% and 3. 21%, respectively. All the statistical parameters indicate
that the model has strong predictive ability. The detection limits of Hg” and MeHg" by the model cal-
culating were 0. 021 ng/mlL. and 0. 039 ng/ml., respectively. The relative standard deviations of six

parallel experiments at low, medium and high Hg” concentrations was between 1. 7% and 3. 1%, and
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that of MeHg" was between 1. 8% and 3. 1%. The range of spike recovery value for low, medium and
high Hg™ concentrations was 87. 5%—109%, and that of MeHg" was 96. 0%—111%. The model valida-
tion results show that the sensitivity, precision and accuracy of the partial least squares model are all
excellent. When this method was applied to the mercury speciation analysis in edible mushrooms,
the predicting concentrations were highly consistent with results of liquid chromatography-atomic fluo-
rescence spectrometry method. It is proof that the method of partial least squares combined with atom-
ic fluorescence spectrometry is practically feasible for the mercury speciation analysis in Edible Mush-
rooms.

Key words: the partial least squares; the atomic fluorescence spectrometry; divalent inorganic

mercury; methylmercury; edible mushrooms
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BAF-2000 J& T 7GR (AL 5 B A ES A PR 20 7] ) 5 BSA-100A i AH-JR 9T A (M
T R PHCA R 2 ) 5 AUW220D 7432 — K P (H AR S HA ) 5 KQ-800KDE 8 F i i YAl (R L
MBS ABR AT ) ; 3-18K &2 A R OIL(Sigma 23] ) 5 Arium Pro Basic #R 2l /K35 8 B0 4l
KRG (P L RIS ) s LH-025 4 H 3 TALIE A B ( g2 AR AE) . RH MATLAB
R2016a H{ TR 5115,
1.3 F &

P M FTEHLR (Hg™ ) FTH 65K (MeHg ) TR A PRI, BIRA 1.5 o/L iR ih iR Ehia i id
W, DAIR ) He Ml MeHg TR I Fa g 1
1.3.1 ISGERKRS FET H S MKEKTF0.2, 1.0, 2.0, 6.0, 10 ng/mLFl MeHg ) 5 M
JEKF-0.5, 2.5, 5.0, 15, 25 ng/mL, HRAEFRH FE LKV 5E2LE T, BHl 25 AR EMIR S
PREEFRAE NG, T,
1.8.2 FRMEAREH AR 1ECH 10 08 S PREERAE D TS H TR 5
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Table 1 ~ Concentration of the mixed standard solution in the prediction set
No. 1 2 3 4 5 6 7 8 9 10
He® i 4/ (ng- m1L™") 0.5 0.5 3 3 5 5 7 7 9 9
MeHg"Ji ¢ B/ (ng - mL™") 2 4 8 16 24 2 4 8 16 24

1.8.3 REIFMAXERES K 116 1.5 LR EMRERRRILF R b2 A . MR A D)
THERBR =, b LR IR, s A bR R 22
L=3s (1)
Bl 6y Hg™ 0. 2 ng/mL., MeHg" 1. 0 ng/mL B{R S HRUEI I T % ZA0K-PHRESEE, Bl 6 fy He™
2.5 ng/mL, MeHg' 6. 5 ng/mL B G FRUEIE R T H 58 KPR EE, BCH] 643 He™ 7. 0 ng/mL, MeHg'
15 ng/mL IR S AREEUN TH R EACPRI R . R3E A Q) THE AR R 2 (RSD) A T PPAL 1A
R, b X PAT I R A R AR IIE, o PATI R RE, X0 n OCPATI0 & i 55 4
A

(X, - X)?
’zwxl)xlm% (2)

BCHil 124y He™ 3. 0 ng/mL., MeHg" 6. 0 ng/mL FTR & AR IEIE I 20 mL, FEALEC3 45 I He™ 5 ng il
MeHg' 30 ng I HARAK T bR, FEYLEL 3 3N He 70 ng Fl MeHg'™ 140 ng H T8 s K ks
W, BEHLER3 Gy I Hg™ 175 ng I MeHg" 350 ng HI T4 AP I0bR Il , 36T 3 AR AR bRy
BRI, A ER R 25 mLr o BIEAKG)HEIFREER, K RAMSREME, X A hibR
IAERIENE, X, AARMBRIAFERIEE, m A IMAbREY T &
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1.3.4 EREHRAE FEITERRETEY TR, B & HE 50 g R i e ok I
IR BRI E) 0.5 ¢ EA MK AR . FIEFER Gy B 0. 5 g 247 o BAESHE T 50 mL B0
IS mol/LERER 10 mL, JRAJGEHAIZEE60 min, % 15 minJR4E—IK; Ff/G 8 000 r/min #.0> 15 min, 7
S ER E I 2. 00 mL 5 mLZIEERE T, N 27 0. 1% HEASE A e R, LEvKis
ST BRI 6 mol/L E A, BRI BBIA . A0, I mL 10 g/L PRt ZREh Rk
VS, ERES mL, SRHO0.45 um BB IR REN

1.3.5 FEFRANEBIERE (ERFEML: RN EREE280V, REOHRITHIE6 mA, X
P 400 mL/min, BRRCHEE 1 000 mL/min, 43 AI7ELL T 4 N SRAERHNZREE . FEE | AR UERI & H
P RES I BOEATREI . (1) LLO. 5% BHEALETN 0. 5% FEAL BRI IR SVARAE IR E R, 5% EhEE AR
JEFAER A ks (2)BL2. 0% AL B 0. 5% S AL A TR G BV E IR IR, 5% ERIE A3k, IR
FAREA K (3)LL0. S% IS LA 0. 5% S EALM IR ST IR JE R, 5% i hE, W+
FRIRLEE 200 °C; (4)LL2. 0% BHEALAIF 0. 5% EEABPENTR SV TAE IR IER], S%Ehm R, Wik
HLEE 200 Co £33 4 2H 22 AR R I 0 SR P2 e it At

1.3.6 HHEBIE-FEFRANIEL(LC-AFS)EIERE F 7GR “1.3.57 ikt h &
IR C ZrBTFE(150 mmx4. 6 mm, 5 pum), JEBIAHA 4% HEE, 2 o/L SIREAN1 o/L MR ER IR EL IR &
WL, P 1.0 mL/min, BEFEE 100 wLo XPETA & MRS TR, T o7 xd .
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Fig. 1  Atomic fluorescence spectra of 5 ng/mL Hg™
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a. the reducing agent: 0. 1% potassium borohydride solution,
the atomization temperature: room temperature; b. the re-
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K, R EESZ BRGEN, ME 3R, Bk, A o
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I ‘ Pe‘rcem concentration OHTBHi/%j ‘ ‘
DU AMTHUI G I GRS Metg g (42 EERLETRVRILRR KB, P S e i
19 He VR AR AP . TS 2. 0% KBHLAEHE it diffrent percent concentrations o KBIL,
TR 0. 887 ZE— 42+ 2 0. 954, (HIZA I Z& 44
SIAEH ZE RS B2, HF BB MEVE R SR B ) S e
T IR AT 1 My 55 A 25 ARG 45 1, ml i d \
SRR . 228 RO MR Fo e 6 5
VERORIN S5, REBE IR 200 CRIANIELEE S, HPE

Slope,, ,,./Slope,,
Y
]

™~

RSD/%
%/

2. 0% KBH, &A% T XF R AR Fb 43551 4 0. 427 F1 0. 887, . Q\

ERMERE . BETAEIE R BRI N

BEAT A FIAS[R) S5 T 11 22 AR 0—"‘0\\\\ o

2.2 BB/ (PLS)HER i °
DLUNZREERY 25 Oy TR A PRI 4 TR 22 A A 15 2] 0 10 20

1 J5 T2 e i B VR o B AR B AR, 6 R He Al R

MeHg+mrgﬁzﬁ,—§E§%EF$ . TEMATLAB , e He A E3  FAFREIAY RSD R KBH, F /03 BE A A8 Ak s il

Fig. 3 The relative standard deviation of parallel detec-
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Fig. 5 The correlation analysis(A)and relative deviation(B) between the predicted concentration of the PLS model and

actual concentration for Hg** and MeHg"

£2 PLSERINZITHAZH
Table 2 Statistical parameters of the PLS model

Component Range/(ng-ml™")  Factor number PRESS le2 Rme2 RMSD/(ng-ml™") REP/%
He™ 0.2~10 3 0.046 6 0.9992 0.998 3 0. 127 2.59
MeHg" 0.5~25 2 0.034 8 0.998 9 0.998 3 0. 346 3.21

2.4 WHRITE

B 11 28 B S 7SO0 IR NS, AR 11 A2 R0 3 A5 10 15 b fh 22 20 ) 15
He Fll MeHg" (K6 Y B RIS St FBR . 75 1) He? (9% HY BR b 0. 021 ng/mL, & & F R 4 0. 069 ng/ml;
MeHg H9 HIFR 7 0. 039 ng/mL, & FERM0. 129 ng/mL, S8 “1.3.47 MRS, YFREFEN
0.5g, EAEBIA10mL, FRH T2, 50, He MR IR 0. 001 mg/kg, MeHg HIAS HiFR 7 0. 002
mg/kg, PHETBUATE R bR I He BRI (0. 003 mg/kg) I MeHg HAS HIFR (0. 008 mg/kg) o
2.5 TREEITE

M6 b e KO B RS B RS S AN 3 BT 7R 3 N IR P B 6 7 He Rl MeHg IR A b fic i
e KRR M SRR 1. 79-3. 100, MeHg BRI FRIERE ) 1. 896-3. 10, Kyl AL 71
FIREAER T 10% B ZDR

F3 AR KT R

Table 3 The precision in measurements of low, medium and high mass concentrations

Hg** MeHg"
Concentraﬁon/ (ng* Average Conce_rlltration/ RSD/% Concentraﬁon/ Average conce_rlltration/ RSD/%
mL™") (ng-mL™") (ng-mL™") (ng'mL™")
Low 0.218 0.214 3.1 0.873 0. 898 1.8
0.223 0. 885
0. 206 0.905
0.210 0.912
0.210 0.911
0.218 0.903
Medium 2.726 2.673 2.3 6. 500 6.591 2.0
2.745 6.391
2. 680 6. 635
2.691 6. 560
2.593 6.720
2. 604 6.738
High 6.942 7. 008 1.7 15.50 15.53 3.1
6.973 15. 66
7.230 15. 14
7.030 15.21
6.901 16. 42
6.973 15.22
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2.6 fnfREI LI
X} 1245y He Fll MeHg (TR A FRUEGE AT bR I S2 s, Horb 34 VR BL IS, HEIR T8k
Bk He™ 2.4 ng/mL. MeHg" 4.8 ng/mL, b5l %€ T & ik B 4 Heg™ 2.357. 2.435. 2.400 ng/mL,
MeHg" 4. 630, 4.660, 4.683 ng/mL, LIF#I{E Hg™ 2.397 ng/mL, MeHg 4. 657 ng/mLAE N —ZHAEFL)E
FOROh R SR, JFLIGE AR S = AP IR, s 4 PR .
Fd  ARHEZACERY IR R

Table 4 The spiked recoveries of low, medium and high concentrations

Hg2+ MeHg"
Theoretical/(ng*mL™")  Calculated/(ng*mL™") RI%  Theoretical/(ng*mL™") Calculated/(ng*mL™") RI%
Low 2.597 2. 646 102 5.857 6.473 111
2.620 101 6. 147 105
2.599 100 6.183 106
Medium 5.197 5.045 97.1 10. 26 10. 42 102
5. 656 109 9.850 96.0
5.513 106 10. 54 103
High 9.397 8. 649 92.0 18. 66 19.77 106
8.293 88.2 20. 26 109
8.223 87.5 20. 10 108

He B Ik 87, 5%~109%, 1 MeHg' B IS A 96. 0%~111%, #3490 i & dnBRALAS I ] A%
X IR A R . R AZERE R, IIFRENCER 2 BRI BE R 20, Hor He 7EARIR B I s el lic
RitE, MeHg WIXEH AR BE R bR DR e
2.7 RAREEREN G EITE

b Y ERER N B RS BRI RE 77, 43 A 3 45 AS [ 0 i 5 o 6 P R A 2 R s R
AH IR A AL PR DR AT R P SR, $REURCR F PLS 25 & ook st A A, S i 6w,
H 55 LC-AFS JFiE A 25 SRt L 2 5 R

1204 A ——2.0%KBH, &200 C | B —— 2.0% KBH, & room temperature -35
— 0.5% KBH, & 200 °C —— 0.5% KBH, & room temperature
80
-25
L 40+
g -5 3
0 2
: @
< ¢ D 2.
£ 600 -2400 5
£ Z
3004 - 1200
07 -0
T T T T T T
0 5 10 15 0 5 10 15
Time/s

6 MERAFE(A), “F4E(B) . BEHLE(C) . FE A (D) SEBURAEA IR A1 F i 12 otig
Fig. 6 Atomic fluorescence spectra of agaricus blazei murill(A), oyster mushroom(B), lyophyllum decastes(C), shiitake

mushroom powder for quality control(D) in different conditions

o} - 2 A1 E 3 o LC-AFS J7 R A ) e 20, PLS BT TIN5 2 i 2% SR [ A /N ARG HE R
TEAA BRI L0 A He MR ERAG, PRI 1A U 25 SR B0 AH X i 224 4% 247 o X T MeHg e
HRTIM 28 SR, PR R AR R 224 2% 2245 o B ks O FE R FRAE B (m) 41 0. 549 8 ¢, “1.3.47 Jiik
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e, ERIRRV) R 10 mL, BEREET() M2, 5, MAEPIROT BRI E] MeHg MR (), Jfillid A
(4) ISR MeHg T8 () ;

cxnlixf (4)

LC-AFS J7 15 2/ MeHg & 184 1. 299 mg/kg, PLSBEAITRINNEZ]H) MeHg &8 7 1. 270 mg/kg, Jit
FEREIARNME A (1. 360. 24) me/kg, —Fh kR RIMAE R TE R /R ETEE N . LU EZ5 R HH PLS %Y
B BN 4G SR 5 LC-AFS J7iE R 4G SR AR e 22850/, S5 R MERA, A1 R ) PLS BSR4 B J5 -2 0
PO R R A A TSI I S 0] 4T . A, SR LC-AFS J7 iRl — MRS 275 300 s, ikt —4MFE
o BT 4 IR 22 AR I B ORI TS 120 s, WM T 15 5355, PLS RV B A 7 R AR
M T AR

X =

5 JrikHx4S

Table 5 The results of method comparison

LC-AFS PLS model assisted AFS Relative deviation/%
Hg2+/( ng* mL™") MeHgV( ng* mL™") Hg2+/( ng* mL™") MeHg+/( ng* mL™") ng+ MeHg+
AN FE 0.518 1. 802 0.541 1.768 4.3 1.9
V-4 Not detected Not detected -0.028 -0.033 - -
SRS Not detected 3. 800 -0.013 3.721 - 2.1
TR B 0. 550 28. 58 0.528 27.94 4.1 2.3

3 & it

WG R i i e /N 3R R R MU M 07 TR P OO (il 40 18, 455 IOy,
ST RS B R ORIE ST o A3 AR T ORI SRR R, T 2R Rk
B4, JERET 44 SR TR B IR T POOG IS B T 1 fhidie/ D —SReIE PO TR sd i
PRI SR AT 58 A S IE IR S A A N RE ), RS SR BRI R BV AR el Wi S
— R VNGIESCES, IEIE A R TINGE S . REE | B EAMETRE . BJa R A RRZER &
PR BT T H 520, AR T 5 5 AR iR N 45 SR B v B — Bk, X ke i R 4
RAEbRRETE R 2 N, HIE SRR e T AR T7 15, RERBI L0 60 0 iR e il A 7 e s A ) 4
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