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Abstract: Objective To prepare the standard sample for quantitative analysis of okadaic acid (OA) and dinophysistoxins-1
(DTX1) based on the mixed matrix of Pectinidae and Prorocentrum lima. Methods Pectinidae tissue and algae mud of
Prorocentrum lima containing OA and DTX1 were used as raw materials. The matrix OA and DTX1 reference materials
were prepared by mixing and freeze-drying. The qualitative confirmation, uniformity and stability test and collaborative
constant value analysis were carried out. Results It was confirmed that the reference materials contained OA and DTX1.
The homogeneity was good by variance analysis (F test). The long-term stability and short-term stability under simulated
transportation conditions were investigated, and the materials performance was stable. The characteristic standard value and
uncertainty of OA and DTX1 in the reference materials were (7.039 + 0.272) mg/kg (k = 2) and (2.012 = 0. 021) mg/kg
(k =2), respectively. Conclusion The mixed matrix reference material can fill the absence of such reference material in
China at present. It can be used for laboratory quality control such as test method verification, test process quality control
and capability verification.
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Figure 1
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Full scan mass spectra of OA (A) and DTX1 (B) pure reference materials
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Figure 2 Secondary mass spectrum of OA (A) and DTX1 (B) in mixed matrix reference materials
1 ARG IEARARIERE S OA I DTX1 571
Table 1~ Uniformity test results of OA and DTX1 in mixed matrix reference material
4 OA M EMH/ (mg/kg) DTX 1 {5 {H /(mg/kg)
THE THE2 RIS THE THE2 M
1 6.974 7.379 7.177 1.997 1.982 1.990
2 6.773 7.277 7.025 1.993 1.989 1.991
3 7.151 6.723 6.937 1.987 2.014 2.001
4 6.962 7.015 6.989 1.986 1.991 1.989
5 6.849 6.921 6.885 2.001 1.995 1.998
6 7.270 7.376 7.323 2.005 1.988 1.997
7 6.913 7.105 7.009 2.002 2.015 2.009
8 6.872 6.883 6.878 2.007 2.001 2.004
9 7.129 7.347 7.238 1.998 2.010 2.004
10 7.024 7.115 7.070 1.990 1.993 1.992
11 7.226 7.244 7.235 1.985 1.993 1.989
12 7.051 6.986 7.019 1.994 1.991 1.993
13 6.882 6.970 6.926 1.996 1.987 1.992
14 7.36 7.332 7.346 2.001 1.989 1.995
15 7.215 7.304 7.260 2.003 1.992 1.998

PER IG5 LK 3, 1F 95% BISMET £ HLL%
IR GE K 56 (32 4) IR A R AR MERE Fh e OA Al

DTX1 WEME | b, | 43514 0. 005 01 F1 0. 000 02,
ANF (05 0)%s (), R IZ AR HERE S AE 12 1~ H
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Table 2 The variances result of homogeneity test
Wi [ OA DTX1
N . N .
FIr A/ Ss A/ df H7 % /M8 I A/ Ss H 1 /df #7722 /M8
LIy 22 15 0.725 97 14 0.051 86 0.001 07 14 0.000 08
N T 2R 0.367 12 15 0.024 48 0.001 05 15 0.000 07
eyl 1.093 10 0.002 12 0.000 08
Flb 2.12 1.10
F i 5 2.42 2.42
BE b A5 1 22 / % 0.117 0.002
3 ORAIEARERE A P OA I DTX K FRUE 1
Table 3 Long—term stability of OA and DTX1 in mixed matrix reference material
W32 8] OA M 5E fH/ (mg/kg) DTX 1 5E {8/ (mg/kg)
& F /A FE 1 FE i 2 FH{E K1 R 2 S {E
0 7.052 7.161 7.292 7.080 7.146 1.992 1.986 1.990 1.980 1.987
2 6.902 6.856 7.064 6.865 6.922 1.989 1.999 1.985 1.994 1.992
4 7.185 7.310 7.204 6.921 7.155 1.999 1.997 1.999 1.99 1.996
6 6.853 7.169 6.951 7.158 7.033 1.997 1.980 1.995 1.991 1.991
8 7.079 7.145 7.174 7.030 7.107 1.995 1.981 1.996 2.000 1.993
10 6.995 7.044 7.084 7.052 7.044 1.990 1.988 1.986 1.980 1.986
12 6.993 7.254 7.191 7.260 7.175 1.999 1.987 1.991 1.992 1.992

Fa4 KIWREEN LR

Table 4  The linear model analysis results of long-term stability

= 0A DTX1
Flt 2.39 1.38
I FHE 1, 05.,-0) 2.57 2.57
s, 0.005 01 0.000 02
P b, 7.052 92 1.990 89
o v i 22 s 0.104 78 0.008 31
s(b,) 0.009 90 0.000 79
[ b, 1 0.005 01 0.000 02
1y05.2)%s(b,) 0.025 45 0.002 02
ANEE BRI, % 0.068 0.002

VE 5(b, ) 9 15 R K 0 A B 2 1
P RSRE P BRI (e 2 B0 1 B0 0 075 #E B A7 7R ) L OA

DTX1 B H A &AW S /A
B R bR R SRR E PERR EOR . KRR E AR TEAS
T 5 BE 4 ) M 0. 068% 0. 002% .
2.3.2 R e TSR

B E MR I G i BT A5 R LR 5. 1E 95%
EAR RN SR F 4 M I 18 22 o0 A e B AR e 1
I3 G i S5 A i  FEARBRMERE Fh b OA R DTX 4§
PE(E Y 3% P E 530 0. 063 F1 0. 164(P>0.05),
FHIALE T 26-20 “CH1 50 CHB BBl 40 T L %3k
PR HERE S B OA R DTX R Ve ¥ A & A W3k
AL R e R AT

# 5 IR E R LA [0 H 7 25 A

Table 5 The regression analysis of variance of short-term stability

— - " 0A DTX
i SRR ] s FiE GTRLF i o GTRF
5 4 3.06 0.112 57 0.028 14 2.32 0.019 42 0.004 85 1.27

I a) 10 2.54 0.277 24 0.027 72 2.29 0.039 16 0.003 92 1.02

Fifi HIL 15 0.181 57 0.01211 0.057 45 0.003 83

J¥iil 0.571 38 0.116 03

BIEWHE/ % 95 95

FEA ) B 2k P 1A 0.063 0.164

2.4 GEMEZE R KA E T2 LR TR A F AR RS T OA A1 DTX1 &

2.4.1 E{HZ

AR 8 KL W = AT G AR, R W
60 LK FEGL T BT, B DU 3 J F R
A FARFRAERE B R OA A DTX1 & & 1Y BOF {8 4
54 (7.039+0.013) mg/kg.(2.012+0. 010) mg/kg.
2.4.2  EEZRIAHE EITE

P B i A (R AR 5 LAY R (S W L8
A VA 58 RS SE PR A 58 51 N B S B G B A bR M
B i (AL S5 SR AN BT KR 8 RS &

A bR S B YT RN T L A T ST
ZEH LI 7. ARWETE A B DL AR 3 R R A
FERARAERE ST OA AT DTX 1 5 A9 45 1k b v (8 AN
PR AW E 4 9 M (7. 039+0. 272) mg/kg (k=2)
(2.012+0.021) mg/kg (k=2),

3 i
A 5T B U A 356 T R DL R R) 5 D FE g VR A 3k
JEF) OA A1 DTX1 5E 7 4 Brbn AERE & o LARE DL R
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Table 6 Fixed value results of mixed matrix reference material
e R OA M EMEH/(mg/kg) : DTX 12 {8 / (mg/kg)
FE 1 BEA2  BEA3 FEA4 FERS HEMLG Bl 1 FEMh2 PR3 HEMN4 HERIS KRG
1 7.075 7.105 6.955 7.103 6.962 7.191 2.047 1.944 1.981 1.998 2.095 2.082
2 6.979 7.042 7.005 7.041 6.988 7.091 1.910 1.967 2.04 1.956 2.012 2.036
3 7.035 7.001 7.088 7.066 7.023 7.059 2.088 1.991 2.083 2.083 2.099 1.908
4 6.926 6.980 6.983 6.964 7.026 6.959 1.997 1.929 2.061 2.015 2.008 1.940
5 6.957 7.017 6.979 7.002 7.106 7.013 1.973 2.076 2.041 1.957 1.909 1.971
6 7.003 6.912 7.072 7.181 6.978 7.101 1.992 1.926 2.103 2.044 1.993 1.928
7 7.024 7.056 7.057 7.124 7.171 7.079 2.123 2.089 1.939 1.911 1.958 1.968
8 7.058 7.048 7.083 7.023 7.097 7.095 2.067 2.095 2.124 2.035 2.035 2.039
Geil i BOF 4 (E=7.039, BT EFRHE2£=0.013 B =2.012, KT {47 1 2 =0.010
F27 IRAEAARAERE S T OAFIDTX 1 & A8 8 B4 [4] SUZUKIT, QUILLIAM M A. LC-MS/MS analysis of diarrhetic
Table 7 Uncertainty evaluation for OA F1 DTX1 in mixed shellfish poisoning (DSP) toxins, okadaic acid and dinophysistoxin
matrix reference material analogues, and other lipophilic toxins[J]. Analytical Sciences:
ARG b OA DTX1 the International Journal of the Japan Society for Analytical Chemistry ,
RO E/ (mg/kg) 7.039 2.012 2011, 27(6): 571-584.
B I bR fE 22 0.013 0.029 [5] MANERIO E, RODAS V L, COSTAS E, et al. Shellfish
#ﬁlﬂﬂ]%ﬁﬁ? 2z 0.117 0.002 consumption: A major risk factor for colorectal cancer| ] ]. Medical
R PR IfE 22 0.068 0.002
2 BT MR 0.136 0.011 Hypotheses, 2008, 70(2) : 409-412.

RN S (k=2) 0.272 0.021 Lol XIZEm, E2M4, B, & &5 5007 fE Y 5o 5% i
o A o e TS At A e e JRLID. frity 2 4 BTt A =7 4i , 2019, 10(1): 8-13.
it TR A R O BERL S IR A VR TR TR LIU S L, WANG H W, ZHAO M, et al. Rescarch progress of
UKL 05 73 45 1220 i 45 IR A FE K OA F1 DTX1 24 matrix reference materials for food [J]. Journal of Food Safety &

IIARTERE S . ZFRAERE S OA BT DTXT B8R A5 Quality, 2019, 10(1): 8-13.
‘{/ﬁz{ﬁ ﬂéﬂ j?}l‘% ;ﬁﬁﬁ K"E J;ﬁ‘ ﬁ%u jq (7 039+0. 272) mg/kg [ 7] BEACHD G, CRAIN S, LEWIS N, et al. Development of certified
(k=2) . (2. 012+0. 021) mg/kg (k=2) i ﬁu% ﬁj/}_‘l \% reference materials for diarrhetic shellfish poisoning toxins, part
. R § . _ e R 1: Calibration solutions [J]. Journal of AOAC International,
FE L PERE R4 B G 5E (A 1 (A T 58, BB 08 1k 2 101 1 2019, 99(5): 1151-1162.
JEH FH i © iz 4J:ZT_\‘ \{E*—:ﬁ Eﬁ"’ ﬁzﬁ y% T 3% f‘/‘}‘g g-'é ﬁ IJ_]\ S J’?“*"‘I'ﬁ [ 8] MCCARRON P, REEVES K L., GIDDINGS S D, et al. Development
BE N Z@ l‘!l:l!l m\ % ﬁ %% 1:/]? ¥E ?Eﬁ I'll:lIII {J%\ Jﬁ % BE N % M: 1:7,]? ‘{E ?Hé of certified reference materials for diarrhetic shellfish poisoning
IZIIZII'I -&‘ﬁ%z % I"ﬂﬂﬁﬁ , ﬁrﬁu %f‘éﬁﬁ{i , )]‘Ez'g/ﬂ{;% , Eﬁﬁﬁgfﬁu ﬂ‘ toxins, part 2: Shellfish matrix materials[J]. Journal of AOAC
Tvir?j“@,ﬂﬁﬁ?ﬁ&%iﬁﬁﬁﬁ%ﬁ%ﬁﬁ%ﬁ%ﬂ(ﬁ . International, 2019, 99(5): 1163-1172.
9 HASHIMOTO K, UCHIDA H, NISHIMURA T, et al. Determi-
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