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Research progress on the detection techniques of mycotoxins in
food and forage
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ABSTRACT: Mycomycins are secondary toxic metabolite produced by fungi in the course of growth and
reproduction. They are not easily destroyed in the processing and in the cooking and heating. When the mycotoxins
exceed a certain intake, they will cause a decline in liver and kidney function, canceration, or immune suppressive
diseases. At present, there are no effective methods to prevent the contamination of mycotoxins. Therefore, it is
important to investigate techniques for the accurate and efficient determination of mycotoxins in food and forage.
This paper reviewed the research progress of extraction methods, purification methods and detection techniques of
mycotoxins. It was found that the current research methods were mostly a detection method for a kind of mycotoxin
by conventional detection methods or simultaneous detection of multiple mycotoxins. Because these methods have
poor stability, inaccurate quantification, or complex pretreatment, it is necessary to develop rapid, sensitive and
specific detection methods for mycotoxins.
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HEFREMMMMAYEER, BEERREALRK
AR A 0 5 5 RS s B AR AL R AR SRAR S A I
g, BIHRCR I, E4KBT 200 ZFEHEE,
DlEtthsm R . MilhsEsR, Roihsw ., BEER. £
KAREIRE . RDEE . T2 HE ., WKt HRGE IR G
PR 1), v o 2 2 P o R A,
WRAY ., FK . ESEY PR W EEEFERDY 1
BERE TS YA 5 DA A B g, T —ERA
RSB EFE DR T A8 Bl & S i M e
2002 4=, T AE2H 2 (World Health Organization, WHO)
AW HERY B IEEER N EERIE, &R E R
(BERZEEZFAER R EHERRE )(GB 2761-2017)
e TR PRI R B M, M R G A
TR APR AR O, R, ST T LA B e R )
i RV 5T ) L R 2R 1 IR A H AR

BT, E NSNS HOE B W R R oR A
42 4,351 (thin layer chromatography, TLC)!®7 | %0 AH
33 (high performance liquid chromatography, HPLC)® 3
VROAF €2, 3% £ B TR 3% 15 (liquid  chromatography-tandem mass
spectrometry, LC-MS/MS)!M21 A 4 833 AR 6 i 31 5 (gas
chromatography-tandem mass spectrometry, GC-MS/MS)?2%3] |
% 4 55 WG [ 7% (enzyme linked immunosorbent assay,
ELISA)*27 Hl ik f& 4 4 9% J2 Bt #% R (colloidal gold
immunochromatography, GICT)[28'32]£¥"§0 AR SCH X L B
FIRRUT . b7 i BR B i SR Y 253, R TT
Jre B R A I AR BT SR 22
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BRETPRNEEHERWEWEEE L, R B,
FERT . BRI BRI D R B R ES,
B EEFERRIOT AAF . IR B R, Ew
i MR ARARBUA R 09 pH (H, (AT 00 B 22 HR I KB,
PEEUGR AR A N> K AT AR R, 5 ML T ZERE
FRBERR T, RERBE, E, 3 R A LA R
LR R AR R AERRBGAN Y, dn 2 KB -k PO,
Xof A [ 1) 28 5T I 6 385 35 B IBOR, G P K U VR
HFREE SRR MRS . RIS, S0-KIER
AR S BARR AR S (N L ROk SPGB
5009.25-201657 SN/T 3868-20148%1 . GB/T 30957-20145°
PR BRI S SR . R . AR IR P AR
e i et e N R O ER & AT Y
SRR -k, HETE A2 B T R 1R
B 2 P - 2K R 2L I -k B o 1040
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HEBERZAET M RIEY . ShHLER D,
Fuesg LT e . SRR, OORSEY) RS eI
49 5Tt 4 [ At SR, AT o L BT R 2R 1 43 BT A 7 A
FAPRCH, 1 GE 0k TR AT LR BR— 4 20T
H oAl B R W T A O 20 3 A WO 4 i
(liquid-liquid partition, LLP)M**4 [&#HZE R (solid phase
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Fig. 1 Structural formulas of representative mycotoxins
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extraction, SPE)®™ 40y 3 Ak (immunoaffinity column,
TAC)! | I [ 41 43 5 4% B (matrix solid-phase dispersive
extraction, MSPD)Y | QuEChERSM- ¥4 fb 4% AR &5
221 RERSBE

LLP J& 1 FH 2 RO AH I B WO =Z 8] A o ) 22 S5 ok
HATHIRT 22 30 Te, T N — WA 22 5 — i, 3
FHEMRBOR, FERE A RIRER Y AR LR K FLR 7 R
MIASTE, B UL AEBGAA &R . =@ e, WE ke,
fH . ZR8 k. ZH k. IEC MR, Hig
bl Em AR WS R EER A M
R R (BRGNS = YU R O B e i s UK
F1,
222 BEARFER

SPE 2 ) FH il 4% W52 o 5500485 Y AR it o i) B AL 9
W B, SRE S I B AT T AL A B, SRS TR R
PR S AR ), SRR E A E L B G E
AT 5L SRR A IO EE, R AE BCE AR HLAT s 4
TRIGYON . BRSPS HRG, B ARG AR 7
APy Ay RE U i b G R KN Rl

W2, HULEMAERAE A HLB BAHABREN | C g [BIAHAE
BOREPISE, Horp HLB [ AR AR BUH: 76 2 80 B 2 R R e fk
D7 R . H LA R R A A BOS LB R 3k 2.
223 HEFRAE

IAC BAT Sk B M THiae 1, Rk LA ERTE
ity L R 2 R R BGAH R  —Fh i PR AR O, B T
. BESEL P ENEER . ISR A fHmE
IR R . TAC B9 JF R S8 B0 B s BE A
Sk, TR A 0 R e R R SR AR b, R AR
P 2H 432 T — B 0] ph e dst, B R TRZE 5] — P e B e i,
JNTAEAE 5 2 R A LA B SRR e B P AR S e
TR LA e FEPE I AR, (ERE i b s ELE AR A P
PR 2 T 2 ke /0 B R B, A R B IR 2 Y R D
SFIEA ., T, B TP R, ok ar
T 3K 2 4 T A5 0 %), AR R T 2 T A 1 AR TR,
LI R TR A R Al OO e e BT R pleesT
FEWST R R - S IR PMAE . i AR A AR P R
ity 55 ek e ) BT OB L T B 3R A S R R
A AR L3R 3.

F1 HWRIMEELEERSE
Table 1 Purification of mycotoxins by LLP
SER R PR EE RIS LORIUWIRES BT 3(%) E = DU
IINFE B T b ES BRI SERR-TOKCEE BB B, Bk TLC 80~100 [43]
hirEaS WMESE, MEEE A FEEK AR LR ARGEIE  HPLC-FLD  71.73~115.37 [44]
WE HMEHER = IR A i HPLC-FLD 80.3~97 [53]
. T TR 4 VA T A L+

eyl HHERA — G ! B .

JLE o g ks A St S A HPLC-FLD 74.1~78 [54]
arih WM& R B, R -7k TR 53T ELISA 101~146.8 [55]
| ARSI A Y RS -K+ZEH b TR FEHL HPLC-FLD 70 [56]

x2 BEHEERSTLERSE
Table 2 Purification of mycotoxins by SPE
I BE FREL Hrik B = KEAR  BICR%)  Z% 30k
M T RMERER A Cis BIAHZEIUME  7KbkeE . HEEBE  HPLC-FLD  94~108.4 (8]
e ZJi5-0.1 mol/mL Wi#R e CIEIKBEHT, R
i NCT:E S X i AH A% - - 1~87.
/S REEE B, () Cs [ AHAE BUINVE o — HPLC-FLD  82.1~87.8 [9]
PSDVB 4  HEE-/K. IECHEKIK
S i HHR B4l KR . - 8~117.
MR 4 PR R KRG U T UPLC-MS/MS 77.8~117.2 [14]
AR N ZIiE-7K(84:16, V:V) . X LB TRk,
N - ~
" Kok e HLB A BUNMTE R LC-MS/MS  75.6~111 [15]
- Oasis HLB [#4H FH e, 2%
NAb] i EE ’ - ~
A EMHmER SR . UPLC-MS/MS 80.9~115.6 [59]
iy #lEEE B HE: K64, 721 OASIS SPE # HBE: KT, VI LC-MS/MS  93~105 [60]

v, HEEEI




%56 34 WA, 2% B hn SRR B B R R AR LR DT 1237
224 R BEARSHER P B TR e U L AL 74 2 T A 43 I IR

MSPD HATEARRI L, LPRA, G 7R
TE. B, Fr . Uk WG EBUPTE, AT f;T:
T HER TR D, AL R D, SUE R, H
AT B B A AD BRSO R T Oy e GE

W3 4.
2.2.5 QuEChERs %1t

QuEChERS ki ARJEAE MSPD Fhli 37 HIHT Y
oAbk, RIS SPE AL, FIFTEDRHS BT A T8

FATF A A ZEERERRTT 3 5 [ AR 4 T W IR ELAE T, DT fof R o 5 2 Ak A R TR i
SEFR O R R Crg. PESEARER . 305 HLAE L5, AREA R Pl | FE S, SRS L T (A,
Horp Cog AL R ATV W B S, 9650 B Ak 4 2B W95 2% i 1 QuEChERS Jy ikift b BB B 2R 3% 5,
*3 GREFNHEALEESEH
Table 3 Purification of mycotoxins by IAC
E 9 TR FEIR ik PR Bl AR R (%) S5 30k
Q N =]
N N - 7 2% K PATT [ G2 3 AT ’Eﬁmﬁgﬁ i HPLC-UVD 69.6~81.8 [13]
. wiERER L, MR W FEER SRR TE, R
Bk WhmsE A e 8 e AL H_Wﬁ%@ﬁ%% HPLC-FLD 72.5-87.4 [38]
e HMEER 80% H i PATE B G A LBV HPLC-FLD 74.8~97.3 [45]
. " B Al 7K
Wy I S 2= = o8 >
WA T2 #H%E FBE-K PTG % S AL B HPLC-FLD 79.7~94.5 [62]
WG RER . EXK
é - v N
w/Y BRI ek L5 e B Y AR E’Lhﬁ(,%f{%’ HPLC-FLD  70.8~94 [65]
EEE Eﬁﬂ],(q:(jlﬁ
HEA
HRT¥ A ER HIEE: K(6:4, V2V) G R AL s HPLC-FLD  86~89 [66]
x4 EREHESHENSUERS?
Table 4 Purification of mycotoxins by MSPD
I #HE Eia SR HIGH BRIy =X KR ERE%) S5 30k
EaLy) RMBERER A SRR/ Cis FH HPLC-FLD  80~93.65 [46]
A L
X ISP EE#HR  SLRREME S HEE R Cis lmmOI/i m@fﬁi LC- MS/MS 61~90 [74]
1Y i
AR
AL AR FHL T [ AH 43 BUAE B qﬂ&}ﬁéiﬁ i HPLC-FLD  87.3~95.4 [75]
BEHERER  EHEREER FL T [ A 43 AR B Cis - LC-MS/MS  61.4~116.9 [76]
%5 QuEChERS A% EFESE
Table 5 Purification of mycotoxins by QuEChERS
E 9 TR PRI Uk} Rl WIRrS B %) S0k
M4 4 AR 2N Cis UPLC-MS/MS 78~103.3 [47]
Bl LA R 5 K TR Cis. BUHREEL
HEE B -
B e TR UPLC-MSIMS 8031064 [48]
EX S 7R CME: K W o pemaee PSAL Chi UPLC-MS/MS  89.7-112.9 [49]
(50:49:1, V:V:V)
“Y 8 Fh LT HE % 1% R 2N TOKTREREE . BERR 4N UPLC-MS/MS  75.5~113.4 [50]
T e i 15 Fh TR 1%H R 2. )i Cis LC-MS/MS 79.1~99.5 [51]
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FLH R I kR 2, MRk REA A%
FETETS (UER AT B2 R G Ay Mk P14 o
W 1 F R AL AMG I AR | AL IR . BT
R AR, X P41 HS TLC \HPLC \LC-MS/MS .GC .
GC-MS/MS &§; HfE 43 ik B AR 4 g E T AR AN
TR S 28 W B2
31 BIiEHEAR
3.1.1 FEREEE

TLC J&ilE &t h B d Ry ik, fIAEE
TE 2R INIGLR ™ A W 50 L G R A T ¢ S ) 553 AT BRE 5
IR/, BRI B 22 AN A A L A A M B
Ik, B TR, 2 SO A R B B M A
—, BTG RAE EIF RN BT . T RO P AR AR R 2 A
JOUTE BT B S 52 M BRE s, P 2 63 3, 17T 0L 1) JR8 AT L sl
ZeJ b T, DR A S X 2 € R A 2 o
Gl #% (ultraviolet detector, UVD) . % (A6l #% (fluorescence
detector, FLDYRHI €2 i s iR P L R, 3 6 4112
TSI 8 TLC 5 ke I B 25
3.1.2 &R Gtk

HPLC J& 20 {4t 70 A& R S i —Fh LB i
SRR GRS WA mR . Pk . R, EBHE
LSO o SN K el b VRO /1) AN ¢ 1}
] P AIMGHI B A 2R R AR . BRI, SO
HARCN AT ERER . k&R, T2 55, #
SR . ARRER., REEe. ROHER . ol
BT SR I el

MR R W5, HEH UVD #1 FLD #E474:
M, Hoh FLD HAT REUE®R . dBrklr . THigm
P B0 i HA S AU R R N I R K | Al B R )
5 BA R, I HPLC-FLD 76 B3 2 Z A vh
N FEET AR, A S 2 (AN o ih 8 5 ) M o R 55 8k
MoK HIEDOER KIS, FECOEHIEATE R . Hit,
R e 7 R R AT AR A ik s ue et HanE
KA AT A A 1 B R G R AT A AR TR Ak 2
iAo ms R BLR ] = R 2 i A Ak S i
BERRAERN, HAHEMEREE B . G TEKMAENEN

TWATRAER RN . BT ZRORITARZ IR . WA
S RIS K, HXF HPLC fAFe ek, ik, 75
2 G VB GE T A 5 524k 24 3550 10 56 1k 24 5 A L Bk
HPLC-FLD FllHe A . WL BT #5381 HPLC A6l 75 iz L
#£7,
313 AAB&idik

GC SRR 5T i s o AR M S XAk B W AT 43 25 45
B0, HAT R, WP . RN L AT R P A
S P98 AT 5 H T3 3 4G 0 #5 (electronic capture detector,
ECD). k& B F LK% (flame ionization detector, FID)H
A, APRadpmf@akss. wiEsE. Ml
HRER A RN, AR AR d, GC-ECD #ih A 2fn
MK it 255 2 0 R ARG AT, o A I R T A R R R
i 0 T A B AR ARSI AR Y, S A X Z AR T
B K [ 43H7 8 FH ECD kil 5 s & w5 AT R Lo B
AHRAYEREY, & ARG = W RS
A 7-50 T eI 2 Bh, BECD R#8 %15 & R8T & T
HO T WITE R R GC AN ik L2 8.
3.2 BERIEKARAR
3.2.1 RARE - B BT A

LC-MS/MS Jeit i:d 4 H %< B4 AT w20 s M RE
FHEE TS S R AR ZS &, Bon B T KMt .
SERATHTRE Y B A B RE LT | | N T
fRT A PR . RS R, UL B 2 R B A
(multiple reaction monitoring, MRM)HE T A6 53 5 B
157, X O AR R IO AT ARG B BB AR AR A R i g R
LAY 25k B0 S mnih L AL L RR L
AW o B RS A AR O T, R AR AR £
F ARl b B B 2 AN kT, R R R s
H—EtE, W LLHLBE 5SS B (electrospray ionization, ESI)
R p Y, MR MR AL R
. T-2 %R, HT-2 SREERE MEIWS T T X
KFGFEERFRAENH B TRBH S FEF. ¥
WH R LC-MS/MS Kl J7 i L% 9.
322 AfMEH-REE

GC-MS A I m R Fsab TR I fEfb . 4
YIRS A AR BT N, EEREEER T 3RE
K GC-MSHORT GC-MS/MSUO100 A7 U5 22 (Ui b 460

*6 TLCAZMMNERSE
Table 6 Detection of mycotoxins by TLC

I BE I ORIIWARES [N (%) E = DTN
W wh s TN - &5 (9:1,V:7) TLC-FLD 86.5~99 [6]
bi-NE ZREMER 7% U vk R (90:8:2, V:V:7) TLC-UVU 75 (7]

Tk (R % VN EN

2K 2R 21 R (6:3:1, V:V:V)

TLC-UVU - [84]
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Table 7 Detection of mycotoxin by HPLC
. s NN G 3k e =1
R HE I (ke o UK ene gk
(nm) SCHiR
ZJiE-7K- ProdigyODS3 Ex=333
A A F o = g gy B X -
HWAT MG REER A . (250 mmx4.6 mm. 5 um) HPLC-FLD - 0.07 pg/kg 94~108.4  [8]
FHEZ-0.05 mol/L B2  Shimadzu STR ODS #: Ex=335
Tk REDEEB HPLC-FLD 0.02 mg/k 82.1~87.8 [9
VR B “AHN80+20) (4.6 mmx150 mm, 5 pm) Em=440 merke 1
. ZORBAX Eclipse XDB %k Ex=381
FiEEA T2 H % ZHE-7 HPLC-FLD 0.005 82~108 10
WA R Jiti-/k FE(4.6 mm> 150 mm, 3.9 um) C Em=470 ng/g [10]
1% R IK- Inertsil® ODS-3 C18 A Ex=360
. R EEER HPLC-FLD 0.03-1 pg/k 83.1~99.5 [I1
e oI (250 mmx4.6 mm, 5 pm) Em=440 Herke [t
e - LaChrom Cs ¥ Ex=360
RO WIMERR HH -k 18 HPLC-FLD 0.05-0.1 pg/kg  77.5~109.8  [12
E’ . (250 mmx4.6 mm, 5 um) Em=450 ng/ke [12]
INE IR A -7k Spherisorb Cys 1 HPLC-UVD 218 0.02mghkg  69.6~81.8 [13]
(20 cm*4.6 mm, 10 um)
*x8 GCHNEESZE
Table 8 Determination of mycotoxins by GC
e BHE ES R N2 LsallbineS I BR IR (%) EZ PN
Jil=REg ey AN _54 i/ W T A ~
INEL FK D ms  SESAMEARBMERE oo 0.01 mg/kg 82.2~98.53 [89]
975 T (25 mx0.25 mm) 86~103.4
N - - i WA
WE L mEE AX SE-54 S A AN AL GC-ECD  1x10""-1x10"" ¢ 85 [94]
(25 mx0.25 mm)
GC-9A SE-54 5 2414
N T2 H%E AR ) GC-FID 30 86.31~89.22 96
w B A FEG0  mx0.54 mm) ne (961
BATZIEHIIwm 2.6 mx3.2 mm I EEFE, ~
AN Fok T R R : ’ GC-ECD  0.01 mg/kg 7796 [97]
PR ) e 2%0V-17, 80~100 [ fL 91~102
e HP-5 B4 A 154 (30 mx
JiliE=tecy YAl
ESP N j%% A 0.53 mm, 3%0V-101, 80~100 GC-ECD 10 ng/g 76.21 [98]

o0 LB i L (1 A

REE R ) HA R RRETE L MEFE R A RRIE, DR AR I LT
BERPIRDM GC-MS Tk, £ 10 FI2% 1 i

332 IRARE SR ENIE

GICT J&&— Pl B G e b ic BoR, AR G A5 by 7 it

GC-MS Horill B 75 2 AT R o

3.3 RESHHEAR
3.3.1 BEBE SRR

ELISA JEJET By PG IRRN 2 so e IR ARG E A,
AL 3 B S P R 1) s AR P, X it
PUAHEA RN, H R A B g TR, ELISA
HATKAE BT AL BREORAR . BRAERT R AR 5dhm . RIUE

RS N

PRIETIGE o & SHARAF R XA

PR B | I . WU 2T L Sednik . il
P AP Al SE 4 ELISA R G | FESh b 3R
W, FEFIET . A b i R AR B, e
SPIENE D v U RE R ARSI AT T o R LR RE R

B9 ELISA R ik W& 11,

PRicE R @Al BRI R R
LRI L R AR TCE | SR OIS YL, 2T
R R R SR MR R Rt #
REM O b 2R 5 2 il 45 T AR 4 T A L
2, W R R LG R R L AR A TR
PUR MR . PPl —4h . BRR %, b, FrER MR
AT R4 p il 410 &7 SCRE RS GICT Kl
SRR R R I R R AL SRR IR = 800 Uk
SR, i aE R A Rk, Ml
HEHER A KM RBEEN 5 ng/mL, B FHMH:FIE B M
H0o [RIBF, AR PR ST S R R, A AR SE
ekl g GICT!, # 0L ECIH 22 3 A9 GICT A 5 2
I 12,
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Table 9 Determination of mycotoxins by LC-MS/MS
. . . . . E =
FE TR sl (ENTyaa LORIIWARES 6 I B EW%W@:iﬁ
ey A TREERE S . BEH C,3#(50 mmx
SR P, -k 21 mm17 pm) UPLC-MS/MS 77.8~1172 [14]
R R Phenomenex Kinetex C g £
N I 7 2% 3%EIK-LNE - b~
i Xt w2 W& K- (100 mmx4.6 mm, 2.6 pm) LC-MS/MS 20 pg/kg 75.6~111  [15]
. 14 FPEE  K-2%Z -1 mol/L Z :
iR i$@ VAT ACQUITY UPLC BEH Cs UPLC-MS/MS - 76~105  [16]
R %2 e Y it (2.1 mmx100 mm, 1.7 pm)
14 FEE  0.1%HRR-2NE; 0.02% Waters Atlantis dCg 1
s T 18 LC-MS/MS 0.1~0.8 pg/k 59.5~105 [17
) H% ZE-2IE (150 mm x3.0 mm, 3.0 wm) Herke 7
14 FhEE L . 1
bt oo k- Waters Xterra Cy £ LC-MS/MS 71.9~99.7  [18]
BER (100 mmx2.1 mm, 3.5 pum)
AR 5 mol/L Z MRk H K- WA MG Cig F:
i SR o o 18 LC-MS/MS  0.009~0.04 ug/k 63~78.5 19
HE 5 mol/L Z. ik 1 i (100 mmx3.0 mm, 3 um) Herke (19]
Agilent Poroshell120ec-C 5 2
=] T Ee»az/\ 010/ ,A:7 _ =3 > _ ) ~0. 90,
A5 MEEER o BRK - H i @%HaimmﬁmmzjanHCMWMsOmsowﬁwm 85~90.6  [20]
WA RMAEEA  01%TEk-mEr  ZORBAXEclipse XDB-Cikl oo 0.2 pg/L 86.6~91  [21]
(3.0 mmx50 mm, 1.8 pm)
#£10 GC-MSHRMNEEZE
Table 10 Determination of mycotoxins by GC-MS
FE #HER B i Bl (%) EZ PN
iRy T-2. HT-2 AR LT IR bR e 47.2~110.8 [22]
Jt S35 T R D M = IR e e X = F R I 81.7~92.6
Tk AR TR - = B R (3:3:2, [23]
Efo ki A a%) 78.2~87.8
b 8 4 25 R iR D AX =S b [107]
#z 11 ELISANEERSE
Table 11 Determination of mycotoxins by ELISA methods
FE R FRHL LioallEs N BT 3(%) Eioalllf53 EZ BTN
s wMEHEE B, M-k [] 4535 4+ ELISA 76~92.8 176.56 ng/kg [24]
85~117.5
P N i1F5)) T2 HE 70% FH - 7K HH%5E 4 ELISA 0.125 pg/kg [25]
98.1~102.5
T HMEER B R K )4 5% 4+ ELISA 74.73~126.9 0.128 pg/kg [26]
T4 i e T T . R 72.7~97.1 34.9 ug/kg
WL " = ZIRZES-ZNE B34 ELISA [27]
T2 w5 72.1~95 43.5 pg/ke
. ) ORI A5 Ky o _ U o
3.4 HHE AR PREURE TS HCN =106, y=0.0015, AR TG IE AR P E

B bR SR RSN, IELTAMG I A | AL
i 2R U R R R ARSI S i A R R L 4, iR
5 SR 21 AMEI AR XS 80 ANREAFE A B o i 2
FE B, TR, JE ] ELISA I4lF, #iE T RBF %

AHCM 0913, BRIV DGR i AL AR AR I
TR B, BB 1.6 ng/mL, 7EA RS AY 240 LR )
KA T SEBRISUESE S, FISCRAT 52 96.3%~106.8%F1
93%~101.2%, F FH8 gy ARG 3 b B 2 K
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Table 12 Determination of mycotoxins by GICT methods
T #HE R o2l pipsS B (%) o I R EEPUN
B b A MMERR A FriEmR = 4h 4k GICT - 5 ng/mL [28]
i H A HE B, FrEEER =40 GICT - 5 ng/mL [29]
Fim il &R B - 4k GICT - 5 ng/kg [30]
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