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Effects of different pretreatment methods on the determination of aluminum
content in algae and algae products and risk assessment
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ABSTRACT: Objective To study the aluminum content of algae and its products under different pretreatment
methods in order to improve the national standard method and evaluate the health risk. Methods Seven kinds of
methods including dry ashing, wet digestion (nitric acid-perchloric acid system, nitric acid-perchloric

acid-hydrofluoric acid system, nitric acid-perchloric acid-hydrofluoric acid-sulfuric acid system), microwave
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digestion (nitric acid system, nitric acid-hydrofluoric acid system, nitric acid-hydrofluoric acid system-adding
sulphuric acid for secondary digestion) were applied to pretreat the seaweed biological component standard material
(GBW10023). Inductively coupled plasma mass spectrometry (ICP-MS) was used to determine aluminum
concentrations, allowing for the selection of the optimal digestion method. The target hazard quotient (THQ) was
employed to assess potential health risks to various populations. Results Used dry ashing, wet digestion (nitric
acid-perchloric acid system, nitric acid-perchloric acid-hydrofluoric acid system) and microwave digestion (nitric
acid system, nitric acid-hydrofluoric acid system), the measured levels of the specimens were found to be lower than
the reference values. In contrast, when employed wet digestion (nitric acid-perchloric acid-hydrofluoric
acid-sulphuric acid system) and microwave digestion (nitric acid-hydrofluoric acid system-adding sulphuric acid for
secondary digestion), the results fell within the reference range, with microwave digestion (nitric acid-hydrofluoric
acid system-adding sulphuric acid for secondary digestion) demonstrating greater accuracy. The linear relationship of
aluminum in the range of 0—1000 ng/L mass concentration was good, and the correlation coefficient was 0.9996. The
limits of quantification were 2.51 mg/kg, the recoveries were 92.0%—101.5%, and the relative standard deviations
were less than 5%. The results of aluminum determination in algae and its products showed that the aluminum
content of laver and dried kelp was high and the range was different. The risk assessment analysis showed that the
average concentration of THQ was less than 1. Conclusions Silica-aluminum compounds are present in algae and
algae products. A microwave digestion method (nitric acid-hydrofluoric acid system-adding sulphuric acid for
secondary digestion) can completely digest these compounds for accurate determination. This method is applicable
for measuring aluminum content in algae and algae products. It is essential to consider the safety of aluminum

consumption from dried kelp, particularly for children, adolescents and high consumers.

KEY WORDS: aluminum; algae and alga products; inductively coupled plasma mass spectrometry; risk assessment
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1.1 MR5RF

153 Oy 328 K HR S [ 45 80 HRiFF (50 s
30 IRIRIAFAT) . S0 fY4E3R . 10 MHEHEER . 5 YIiEsE . 8
PEEDG TR TG . FIEGETT . ERE ) &R, %
SEAE W LAY FR UER) B (GBW10023) 18 Tk 50 A I BHBI 4L
HBRAF

filf iR (HNOy) (I e 46, 3€1E Fisher 24 Al); i &R
(HCIO,) . ERMR(HF). BilR(H,SO,)(Thekat, FH2i5Erb
RAVABRA ), FFRUER I GSB04-1713-2004 (1000 pg/mL,
A 048 KR HTIAG); & Se ARG
R 5188-6525 (100 pg/mL), FiEAiE M 5185-5959 (1 pg/L)(E
[€ Agilent A F]).
1.2 UFE5E%

XS205DU H,FRFE(HE B 0.0001 g, it Mettler Toledo
/A 7); F4800 Th 4 (32 Thermo 23 H]); EH20A plus HL 3R
(3£[H Labtech 22 F]); ETHOS A fiis B f#43 (72 KA Milestone
NHED); 77006 HUBHE G SR TR IS (U (L Agilent A H]);
DHG-9101.1A HL#E I8 KT HRAE (i = R R A B
23 w]); B TM-D 24™ 4liZK (35 & Millipore 23 7).
1.3 HmAE
131 FrAL*k

HERAPRIL 6 1 0.5 g ZEAakEML, Sl A 2H. Hp Bk
RALE, BT, 550 °CIKAL 6~8 h, F 5%AHRRIE TR
R IEA R 50.0 mL, IRSIFEN, FRE LHLIE .
132 EXHEm

HERRFRIL 18 1 0.5 g ZEAikE S, BEHLA A 3 41, 45 5%
S B, CH D 4. B4HMA 12.0 mL HNO5+3.0 mL HCIO,.
C #HAA 12.0 mL HNO3+3.0 mL HClO,+1.0 mL HF . D #H71l
A 12.0 mL HNO5+3.0 mL HCIO,+1.0 mL HF+1.0 mL H,SO4-
3 HIMFEHRPAR - 120 °ChiEk 1 h, F+ZE 150 °ChiF& 1 h,
180 °CHII#A 2 h JFFHZ 200 °C, i 2 IE I i A e 6
FEHG, RaiKEBRIEERE 50.0 mL, RSN, MRS
AL E
133 #ak b i

HERRFREL 18 172 0.5 g ZEA7 KRS, BEMLSY N 3 41, G’ 437
NE. FHIG4., EHNMA 8.0 mL HNO;, F 1 G 8711 8.0 mL
HNO;+ 1.0 mL HF, ¥k, ¥k H#e3R 1 A4 R 7. E
I F HEHR, G HNFTFANA 1.0 mL H,SO, 5 liEAY, 3 41
BAFHEPM L 180 CHMZE 2 mL, A4UK#ERTFERE
50.0 mL, JRSIREN, FEREE _LALIE .

14 NEFHS5SHEE
% F Agilent 7700e T ICP-MS {87 0T R, 4%
HSZHE 2.

®1 WOKERERF

Table 1 Microwave digestion program

s mmec | JPRERLREER
/min /min
1 120 5 5 1300
2 150 5 10 1300
3 180 5 30 1300

F2 ICP-MS ({HBEHE5SHILE

Table 2 Instrumental conditions and parameters of ICP-MS

(&= ie BEH
RF Zj#%/W 1550
A HIS 3 /(L/min) 15
il B S i /(L/min) 1.0
AR R /(L/min) 1.0
R AE R /mm 10
Tl S AR He
Tl 48 52 10 < 3 3 /(L/min) 5.5
EEER/ €T/ 3
EEETT B0 Bkig

1.5 #ERKR. RERSEER

FA 5% B v me il BTk 4 0.1.0.5.0.,10.0,20.0,,
50.0. 100.0. 200.0, 500.0 1 1000.0 pg/L AR FRIER SN
W, EHLINE .

FEMEMEAFERE, ik FRA 11 4, SEER—FE
25 RREFIIE o TS R TP AR 55 A I AR v w22,
3 FEPRIE M ZERR LA TAE M 2Rl 3, FRAR PR BURE 52 F1 2 2 M4 F]
THAAATH HH RN E PR
1.6 BEESEWE

T3 LB SRR TP AR I 5 S5 (R TP ik
WERME, 55 R SRS AIMALL. . &3
PR AR PRI IR, 25 R EEIIIIRE 6 UK, THEARXT R i
ZAEIREER
1.7 REIFE A

R A58 1] [ SR IR BT A4 R e 7. 1 H bR fE B 2R B (target
hazard quotient, THQ):P X 2 K Il i vh AR DEA T IXUS T
flio AR (Q):
EF><ED><FIR><C><
Vrip XWap X Ty
K B MPIEEREIR, WAE; Ep NRBRAM, 4
Fr NERREE A, g/YQL’\; C MR, mg/kg; Vrep HER
TLREHAFRZERE, mg/(kg-d); Was WA A,
kg; Ta AR R A0 A], do A S BOR B I 3.

THQ<1 R/ B2 K Ll i v BR e A At e e Al 30
PERUS:, T THQ =1 B, WIS 7R B2t I Il i 4B v A ik
ST A TR A B P KU

VrHQ = 107 M
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Table 3 Risk assessment parameters for different age groups

[28-29]

Ew/ (VR JAE E Ve
N = F/(WLF)%%% = IR/(g/{A)ﬁ% Ep/4E Was/kg TA/d
JLEE 18.5 31.6 56.8 66.7 76 32.7 76 x 365
AR 25.5 49.5 56.8 66.7 76 55.9 76 x 365
AR 21.7 40.7 56.8 66.7 76 55.9 76 x 365

1.8 HIEAIE

K Fl Microsoft Excel 2023 il SPSS 27.0 #7547
FGE 12047, Origin 2021 #4724 &,
2 EREHH
HBRRE

7 i k69 5tk

KT IRAL W RESR- T AR R | WiR- AR
AR R) . BTH AR IR R | THIR- A IRIR R)S5 iRy
SOy A RENG S rP R T 25 SR GR 4), i
T AR IR A R) TR AR IR, (Oh 40.2%; TRLTH A (15
TR~ 12 SR - EURIR AR 2 ) W T iR i s, 14531 82.4% . Wik Tl
i (S TR - fe SRR - S SR - R A 2R ) R (S B T e (T TR - LR BR
P B -INBRIR VO AR AL BRI, 48K MM R TEARRE S 2l
JEFEIN . T s LIRS RS, P=0.174>0.05, Joi &2
5o AFAHXHBIL T A (IR - - S R TR &), ok
TH AL (R A TR 1A 2R - DIRRU R Y T i R 4 T LA 34,
)ik o 1 SRR, oA Bk . DR
THRAER- SRR 2 - IR M) TR EA Ak

2.1
2.1.1

TR WS 5 5, % 3 PP E A FH T i, — e s
fif 0 B ARV A ORI TEIR . (R, FRE R A B
A, ARER TGO S TR, RIS AGE B E
TRIRIEATTE AR, AU AR, W (8 BT BT s, fH
WAL 71.9%, ASANLERRSTE BN W0 fid 5 R 1Y)
AT Ak, $8& T N AR R, X FREAEY
HTH e A MR ME ] . B T AR RE RS 5 0 S S, XoF
s AN E, LA —@ BT, BRI K S
H, AGERER, MERNE IS A, B e
T T R o8 e I ERAL , SRR AR AERED, P
FRYfH A 1.0 mL.
213 GHRRREE ARG Hh

EHE 170, 180, 190 F1 200 °C ZRFH A I AR,
TSI B X T AR AR B e, B LAl TR A IR 33
190 °CJ, 1MW i e a2k e T g2, Atk A
190 °CAE st T ik 1) e 2 FAIRLEE o
2.1.4 K R 2 E AR AR 6 Bvh

A ) T8 A A 2R RIS AR E T, AR5 05 A T T ) 305 A
BRI o AW LUER T IR 143008 20, 30, 40,
50, 60 min B THAFAEE . B TH MRS RD A3, S ARl b

212 HBRAE R G YR FRRIEME I, 1E 30 min ZJRZ28EAR, 45 LK 1B,
HFHmeEtkt:zE . SERS SHIY KA N . LEAF I, KA 30 min ME A AN ST BT f#AT ]
F4 7 MERA X TESHREY R ERINE (=6)
Table 4 Determination of aluminum of the seaweed standard substance with 7 kinds of pretreatment methods (n=6)
SEATINAE ((mglkg) . R ——
S g/kg Sl AR LIVAN ]
1 2 3 4 5 6 M(mg/kg)  MWZE/% /(mg/kg)
FIRAR: 3111 3019 3027 3056 3229 3157 3100 2.65
TR 0 (RS PR - SR
PP LR 3105 3155 3124 2864 2904 2971 3021 4.09
HR)
T T o RS - s S R -
P 4040 3999 4128 4012 3893 4156 4038 2.36
AHmIER)
BT T (AP0 - 4799 4531 4764 4646 4960 4829 4755 3.14
AHR-TRRIAR) . 4900800
T TH AR (TR IA ) 1918 2004 2017 1982 1956 1943 1970 1.92
filg e g 5 A e e
BRI (T8-S 3392 3479 3528 3546 3572 3611 3521 2.19
%)
e e e Tl g s
BB (AP L 4811 4819 4827 4756 4741 4639 4766 1.50

PR ZR R AR I )
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Fig.1 Optimization of microwave digestion conditions (N=3)

22 FHEFIER
22,1 FFARBRERELE

SKFPEACSE BT A5 1, Hr 2= BRI T E
4R FHE . fE 0~1000 pg/L FL B N, LT RN
Y=73.01X+82.22, ML R EH 0.9996, 3 HAFE ik i v 1]
P 2R R AT T a8 O VR PP 40 05 5 M oL {9 o o
22, 3 fEtRiEdm 228k L TR B R R, AR 40 IO 2 A
BRBU B R A E = BR, #6 H FR (limit of detection,
LOD)H 0.753 mg/kg, & [R(limit of quantitation, LOQ)N
2.51 mg/kg,
222 FTHREMELHEE

XTEESE Fﬂﬁ T 25 R SR I I 7 7 o
#r, GERILZR S, MAREICRLE 92.0%~101.5%Z (8], FHXH%
HEAMZEIILE SY LU o SR UERE e 25 5L 318y 4766

M TS - IR R — YR T Af-ICP-MS  FUAT L 407 PR 285 o A e
RE, AT LA f S R L ot R ARSI T 5K
23 EAREHGIRPENEERT

e 6, 153 )y #as K H b S 45 R B 53 4R
S, FWMEIAE]T 340.29 mg/kg, HIRE T A
IRRERE . SRR AR S A R, Hi SR
AR E RN 16.99 mg/kg, HmisE] 1638.96 mg/kg, ek
{8 F fe /ME AR 2% 1621.97 mg/kg; T 4 I 2 30 Bl
2.19~1686.24 mg/kg, HARE T4 ILE 2. EFRAPARRLE B
H P HA PR B, AR LUEFR R <100 mg/kg(K7= 4
R, ST A 74%H 28%FE FhiE
REFRAE; #5RL <500 mg/kg(HHE) Jfd, ST 75
H 18%A 4%AIFEAL R BRI . DI RS 7E— 2 A
FEEE DA R E RN, WREa A MESR e HE et

mg/kg, FEEMEVEEIN. 25 ERTR, #Ar ANIR- S Rk R ), BRI X S A T RS A S5 8T
#z 5 MIREKERSEZE (n=6)
Table 5 Spiked recoveries and precision (N=6)
. ., ) 7 S 1 .
FEA i St i(mg/ke) bR (mg/ke) e f f kﬁ)ﬁ 1R % X FRIE i 22/%
mg/kg
25 19.30 92.0 3.77
%3 17.0 20.0 36.10 95.5 2.69
100.0 118.50 101.5 1.63
25 22.80 96.0 3.31
fioXiE 20.40 20.0 40.30 99.5 1.93
100.0 120.60 100.2 4.01
25 8.62 92.4 4.13
g E 6.31 20.0 26.40 100.5 1.69
100.0 106.20 99.9 3.41
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Table 6 Measurement of aluminum in algae and algae products samples
s NN #it/(mg/kg)
AR PR YN PR i TH
- 50 16.99 1638.96 286.06 340.29
R 50 2.19 1686.24 26.61 106.91
A 30 ND 40.25 2.53 8.67
i 10 ND 18.71 2.50 432
Wi 5 44.43 182.83 90.48 99.51
BE 8 ND 26.62 10.58 12.70
13 ND R A1,
30 ¢ - tolerable weekly intake, PTWI) 2 mg/kg®, 8AHFFEH Vrep
40| . {i4 0.286 me/(kg-d). AR 3 P AT, AL
L0t AT HR AR AR R R 22 & WU PEA THQ (. 3% 7 45
g 0l S, SRSt THQ 1y )L i A g
ks ol TR DS SEAN T P 40 I W B 1 S I(EAE  PPA vR E
B - ST TR A THQ /T 1, UEWIERXS A A{g T

0~100 101~500  501~1000  >1000
Al #/(mg/kg)

2 SR TR S
Fig.2 Measured values of aluminum in laver and dried kelp
2.4 BRI

T 2011 R TAEALVHE BRSOV ASE
ml TSN R T R 2 B 2 WS 1) 45 5 ST T 32 £ A3t (provisional

SRR, B0k FoRUR L 2N, IR DA S 23T
T R R R (BB, LD A Tl TR AR ALY THQ
RFREAA 1, BEEHXF A R T REAT A 1A B0 KU
TN AR N TR AR THQ fe KA/ 3N
0.954 #10.784, $ZiET 1, (HlE TiZIFH 2R TREEHAE .
JRE & IR B ME TR, ST s a AR, =k
B RS THQ KT 1 MR R . RIS d S e
JLEAEMRESFE A TR e R Y ek,

®7 ERMTEFDBREITE(THQ)

Table 7 Risk assessment of aluminum in laver and dried kelp (THQ)

S JLE DA FHALAR LEESKE
FHME IS YNEN EHME R FHME wRAA
53 0.105 0.505 0.084 0.407 0.072 0.346
T 0.066 1.041 0.060 0.954 0.049 0.784

3 HFig5iTie

ARG HT T A ) B A 3 2000 2 8 S AR v ) o v 4
RIUERRTE, 3 RIRA GB 5009.268—2016 FRR I
(R R 1A 2 ) A BRI T At RLSCRAU N 40.2%, FhFFAF4, X
M5 ICP-OES W/ | RAFRIAT S S hrvfE Yy s
g, L& Bl GB 5009.268—2016 i i 4 R AL K
18.3%~47.0%, X B R R EIRE S S AT T R R £
BEIIER, BEAKERHR A0 T A 0 4 R ERRINE (Y G2
TE AN TR 51, R IR PR - A SRR VA A I -
TIVBRERR — YK I A AT A B T RE SR AL 5 Vs i 1 ke, 2845
FEETH IRAEEAT LA F) 94.6% . ANBFSTE R J9 2.51 mg/kg,
BRAE 0~1000 pg/L HREESE ML MEC R RAF, MCRECH

0.9996, IR H 92.0%~101.5%, FIXARAEMmZE/NT 5%.
T LI RIS 2 8 s . AT RE, I8 T s R
TR B AE

X S R LA S AR 2 (25 SR R, SRR T
BRI 16.99~1638.96 mg/kg Fl 2.19~1686.24 mglkg,
RIS SR M SR P | T R AL R A e e
SRFTTRRHT IR A5 AR, RIS S Bm B m2E 5K,
H RS 202 38 %o T FH 2R 2 0 £ PR XU A A T 5, A
FREBEPES. . 0 RS EEITE., b EE%
SEBATT A Ry R 140 (0T AR A T IRURS DA 1551
JLE THQ K 0.135. AL THQ K 0.108, fif 0 Ei 2%k
MRETILHLX ) 12 43 may rh s A & I g AN g H
AL T A E R A L LR AR 1A 42U Y B
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FF AT AR A P KU o EAT T IFA,, PPAR 25 SR o 4 ik
AW, FILED R EHESREANERSA ST RMEL
T LA S B S A7 A — R B XU o

GB 2760—2014 #E/NE#Y . S L K77 KL
il (upE s | e | D524 AE4nsk i it < 100 mg/kg,
TP ARR B <500 me/kg. MTHESE KR AR AR IR
S TR A i P8 5 A 0 590 B R A6 4P BB R AP e 5 | AL B B,
RIASRER] GB 2760—2014 HHRILE S8R FE A BRAECK PEAIREAS
JEA ARG o DRI 22 T MRl o P ARG D 45 SRR 75 8 A JRURS: TFEA,
] 7 2 T Al o R 0 PR AR T LA OR B0 N RO MR, A
FE AT LA 28 B LA b P AR R o B A o B i — e Bk
WA

]S A 5 IXUBG AR A A — 2 B R PR (DA B9 2
FET 6 5 RS W 0t R AR MREAR, SR AE M S AR TV
B, AR, BORSIEE—E R, (2)%E28 K ILH
FRREATL D, ST OR T AN B, (3)iEw AL
MIRE AR BEEREIESE T XAEP T 348 A
BT TS M BT A 25 IR, SR BB R TS
FKH—EMER, @Mt e SduE ),
TPRIE B R A S 0 R e e, R XA RIE SR
B RS A AU T HE— 2 ARG XU BFA

EE P
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