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Abstract To conduct a risk assessment of AFB, intake, AFM,, which is a metabolite of AFB, in the human and porcine
urine, was determined by competitive direct ELISA (cdELISA). The detection limit of cdELISA using anti-AFM, antibody
and AFB,-HRP conjugate was 10 pg/mL. The recoveries of AFM, were 117-167% after the addition of AFM, in the human
urine in a range of 3-100 pg/mL. 165 samples (95.5%) of those obtained from 172 persons evidenced measurable levels of
urinary AFM,. The detected AFM, ranges were 0-11.6 pg/mL and the average level of AFM, contamination was 2.74+
1.89 pg/mL. The estimated amount of AFM, excretion in the human urine was 3.97 ng/day and the estimated AFB, intake
amount was 79.4 ng/day. The probable daily intake (PDI) of AFB, by the subjects was estimated to be 1.28 ng/kg-bw/day,
which was higher than the tolerable daily intake (TDI, 0.15 ng/kg-bw/day). In the case of porcine urine, the AFM, ranged
between 0.97-26.7 pg/mL and the average contaminated AFM, was 10.6244.39 pg/mL. The estimated amount of AFM, excretion
in the porcine urine was 27.6 ng/day, and the estimated AFB, intake amount was 551 ng/day.
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)| JA)E protein A column® 2 Pierce Co.(Rockford, IL, USA)
©] Immunopure plus IgG purification kit(#44679), TweenS &
3k phosphated buffered saline(PBST buffer: 0.01 M phosphate
buffer, 0.138 M NaCl, 0.0027M KCI, 0.05% Tween 20), 3,3',5,5'-
tetramethyl benzidine dihydrochloride(TMB) 5~ Sigma Co.(St. Louis,
MO, USAYIE= AMg8lolom, o1 o] & A°Fe& GR &+ ©I
A8 AREsITE 53] ARM Ol tE So]3AE Shon 5(10)°]
AR AS AT,
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AFM, 2] QUEE ZAI8I] §18 AlFEE 20059 10200 23
gk =le] = 17248 HuUAE HIR9 & 120802 F 2924
ol Q=] A9 A FATAL A ANKTRA] HYhoz
e Ao, =2 4% (G973 =57 Cheongwon-
gun, Korea)ol|X] =A== =|=]¢] Wgo=2 58y |H s

AEe| mxE|

= F9 54 4L Foos?t Wareno] WHUIZ 33 THN).
=, methanol 10mLZ} 574 10mLE 2 AzZ]¥ CI18 cartridge
(Waters, Milford, MA, USA)ll AlF 15mLE FY3IATh o]ojA
acetonitrilex?} SFHF2 EFM(5:95, vv) 10mLE A3 &
diethyl ether 7mLE AFM,S §Z3I3T}. CI8 cartridgedl Al 85
H &HE 60°C dry bathollA N, 7F=2 7122171 ¥ washing
buffer(0.02M Tris, 0.15M NaCl, 0.05% Tween 20, pH 7.4) 2mL
2 &3lAIX] tha, cdELISAC] 2J3k AFM, €] 4ol ARg-83iTh,

& AFM, CIZE &2l HX|

Protein A column kitg ©]&3le] A& HASIATE A=
binding buffer SmLE &3} 3 protein A column®l]l & AFM,
&3 2mLE binding buffers} 1:182 Esle] FYsIAT o]
oA binding buffer 15mLE AA3 & AFH elution buffer
15mLE EEA71WA I mL¥ ek A TS 280 nm
N FFE=E RISt T 8-S Sephadex G-25 columno=
gds & A E Iras

Aflatoxin B,-enzyme conjugatee] M= 2 XX

749 ELISAC] AF&-3t7] 9]¢t AFB,-horseradish peroxidase
(HRP)S Chus(12)8] Ho=z Azxsth =, AFB, 5mg
carboxymethylamine-HCl& pyridine/H,O/MeOH(1/1/4, v/v) 8 mgs
4mLE 51 F 90°CollA] 2A17F B SFAIATE o]E Aol
A SR W8 - evaporatoroll A 3] AZRAIFIL THA]
2.5mLe] ethanolS 71814 =<1 & reaction vialo] & Th Wk
EgE E 7.5mLe 73t l-ethyl-3-(3-diethyl amino propyl)
carbodiimide(EDAC) 188 mg3} 25% ethanol 1 mLZ =<1 HRP
(1100 units/mg solid) 5 mge FH7}sIAT). d2olA] 308 & A
o] EFe -, EDAC 188 mge THA & Wl FH7I8lal 4°ColA]
16717} B9t WHEAIH T ¥HS- 92 PBS buffer(1.9 mM NaH,PO,,
8.1 mM Na,HPO,, 154mM NaCl, pH 7.2)2 %A18}3. Sephadex
G-25 column®Z ©H38 $ AF -enzyme conjugates 353511t

CAELISA 24 4
AAE FAE coating buffer(0.02 M Tris, 0.15 M NaCl, pH

9.002 1,0000] 343t & microplate®] welloll 100 uL2 7}s}aL
4°CoA s B9t AA St 8710 FRAAT FF F plate
+ washing buffer(0.02M Tris, 0.15M NaCl, 0.05% Tween 20,
pH 7.4) 150 L= 7} well B 33] MHc & A|l59} 208 3]4]
gk AFB-HRPE &% &3 &4E& 100pL Wil 2olx &
AIZE B9t ZAF RES-S AT ©]o] washing buffer® 33] A3
3k = 713 £A(1mg TMB, 9mL phosphate-citrate buffer(pH
5.0), 30% H,0, 7pL) 100 uLE P d2ollA 3087 Szl
Th 2N H,S0, 50 uLAE& F7iste] whe-& BRI ZF well
o] wh-g-olo] Wk YT Z microplate reader(Thermomax™, Molecular
Devices Co., Sunnyvale, CA, USA)Z 450 nme] 3pgollA 43}
AL A8 F 3 HHES 3] Ha o2 FASHAT
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4 AFB,Y #1814 #H7t= $18% ¥ 7Hhazard assessment)ZF-E
Aozl st A== 7191 DI # =29 H71E 5
3te] dojA= PDI 3 Hlwste] AAIsHSIT

¢

AFM, E% 41 g8
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Fig. 1. Standard curve of cdELISA for aflatoxin M,.
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o) 98t AQxo] AFM, 3582 Table 19 YERS ule} 7o)
117-167%2] BANL B 139%E JERIA 24 S35 we}
3lggo] tha Frshe A VeSS 2 i AR
cdELISA ' A2 A7t vlg- EokX AFM, O] FASH A
of H&3te BARoR S35 &8 7Fest FoE Yehdth

ey
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Ak 5 AFM,2] o AFS F43kd Table 2] YERAATE
g A BF 172709 AlE S 16570
(95.9%)°] AE54 AFM,°] AZE AT FRke] 79 118" &
11539 =olA AFM©] HEE2H Hd 2.91=1.89 pg/mLo| S
3 ARtEe F 4y ABoA AFM 0]l AEEHNeH Hd
236£1.85 pgmLZ ARET HA el AAFH oz Fxd
BEIHEE Fig 20| Yehd vlel 23 M= 0-11.6 pg/ml Ale]
Qom A2 B 94 Fe 274 pymLE UETH 1% F
Ae] Hit = viEHS A9 A$ 17002 HAk= 1218
LHA Qo] 019 HFQ 14518 AEe] FFujEges 713
sl ALt g A3 AFM 0] dIMEFEF2 3.97 ng/day = 1}
ERtTh.
guir o ® 2o|d A3 AFB,S AFM,9] FElE U o)
A= wEdth. A wEEE AEE $X58, AFB9]

Table 1. Aflatoxin M, recoveries from artificially contaminated
human urine when determined by cdELISA

AFM, added (pg/mL) Toxin recovered (pg/mL)"”  Recovery (%)
3 3.51+£0.43 117
10 13.9+2.37 139
30 50.2+3.84 167
100 136+4.70 136
Average 139+20"
CV (%) 14.8
YMeanS.D.

Table 2. Incidence and levels of aflatoxin M, determined in
human urine by cdELISA

Gender Positive samples/ Ranges Means
total samples (%) (pg/mL) (pg/mL)"
Male 115/118 (97.5) 0-11.6 2.91+1.89
Female 51/54 (94.4) 0-11.6 2.36+1.85
Total 165/172 (95.9) 0-11.6 2.74+1.89
"Mean=S.D.
14
12 -
:En 10
i
E: 6 .,,"“
g, T
E ﬂ-.'—"“'.
2 _'w—""'"
—Fw"
0 T
0 50 100 150 200

The number of detected samples

Fig. 2. Aflatoxin M1 concentrations in 172 human urine samples.
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Table 3. References of conversion rate of aflatoxin B, to aflatoxin
M, in human body

AFB, exposition AFB,intake AFM, excretion Conversion Reference

level (ug/day) (ng/day) rate (%) No.
High 4-221 40-4,840 1.49 15
High 66 710 1.38 16
Low 0.1-0.3 6.1 2-5 9
Low 1 54-66 5-6 9

A gl el 7|1E ATAEE HEoE &
o] odFe R FE o3 AFBS HAHFE 1 =2
SF3ATH Table 33} 722 A AFZAI9,15,16)Z5FE AFB, 2|
15%4 =7 88 E3lo] AFM,Q] Fe= wiE=Ee 4

9] 5% ool AFM,°] FHE oA wWiEEE AR F 71X
Z27& 44 § oy ddxeEzFo] e AHe= A A
LS 5% FEE B glonz olF HEIrh AA A
AFB°] AFM,2.29] HEES %2 28T 745 AFBQ 4Y
=& 794ng/day® FHEACE o], 7Ht w0l AulE
o7 B Ao =3} glojgk FHIG Yo E o A A
9ZFE F43 AFB, 9 E+#4dF 2(0.1-0.3 pg/day)=}t vl st
OF7F W ol it

=0 AFM, 29 24
=

=k 12089 AFM, 29 S cdELISAR 4% ZAE
Table 4o Wbt 5471 &€ AR B 09 FF
< 106 pgmLE Z FHE 097-26.7 ngmLE YElGt 8
2 ujEE AFM, 9] S viRe s Abgre] A9k s A
g3t sbsidnh. TG ERS A7) AAE Hhel

o] BF 3F = WEFS 26LE HE3F A3 AFMQ WlEH
& B 2756 ng/dayol YL =] ALE ¢} R AR A
WASHS 5%2 43 39 AFBY 9UxEFS 551 ng/day S
2 AU

Table 4. The mean levels of aflatoxin M, determined in porcine
urine by cdELISA

Farm house Positive/total Range MeantS.D.
samples (%) (pg/mL) (pg/mL)
A 12/12 (100) 1.60-14.8 9.34+4.29
B 2/2 (100) 13.3 13.3+0.00
C 10/10 (100) 9.33-17.5 11.2+£2.38
D 3/3 (100) 4.93-16.1 10.8+5.63
E 10/10 (100) 1.25-17.5 9.37+5.54
F 5/5 (100) 3.43-26.7 13.3+8.31
G 9/9 (100) 4.67-14.7 8.55+3.14
H 10/10 (100) 2.27-9.73 5.1942.35
I 5/5 (100) 0.97-9.73 6.03+3.36
J 4/4 (100) 10.0-11.3 10.8+0.61
K 5/5 (100) 12.5-17.3 14.442.17
L 7/7 (100) 10.7-16.0 12.6£2.70
M 19/19 (100) 7.20-18.7 14.3+3.31
N 5/5 (100) 6.93-11.6 10.3£1.92
(0] 5/5 (100) 7.47-13.3 10.8+2.33
P 6/6 (100) 7.86-12.7 9.60+1.89
Q 2/2 (100) 10.3-10.7 10.5+0.28
Total 120/120 (100) 0.97-26.7 10.6+4.39
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Table 5. Risk assessment of aflatoxin B, in this study

Subject AFM, excretion (ng/day) AFB, intake (ug/day) PDI" (ng/kg bw/day) TDI? (ng/kg bw/day)
Human 3.97 1.28 0.15
Pig 27.6 9.2 ;

! Probable daily intake

? Tolerable daily intake which was established by Kuiper-Goodman(13).

2l ®ot

oA Q% F AFM, LHUXEHE 43 AFB°| HHF
(79.4 ng/dayys vlO 2 AlEe] i AFOE 62kgS 283}
AF23E PDI 742 1.28 ng/kg-bw/day® LFEFTH(Table 5). AFB, 2]
S8 H7HE Aske] o] PDI w8 K 71Fe R sl TDI
3t ¥EiRY. &, 2 Aolx gk PDI 32 Kuifer-Good-
man(13)0] Ak TDI %H(0.15 ng/kg-bwiday)e] <F 858 = =A|
LERSETE

SIA|RE E319] 2o x] 2L AFse] PDI %] <917} 0.03-2 ng/kg:
bw/day2 HI150](14,18), & A7ore] ZAxpw 7 ¥
Eo7te A8 & & AUAUTh F, vIF 026 ng/kg-bw/day, ZHHTh
1-2 ng/kg-bw/day, &F 0.15 ng/kg-bw/day, 2=l 0.8 ng/kg-bw/
day, 28]3 EU(AFB & 7]F2.=) 0.03-1.28 ng/kg-bw/daye] 1Tt
(18). g =] A FHEAAATAE FF ¢ AR 5o
ANES 243 7 LT ZHPDDS vHF2E AFB 2| PDI
ZHS 0.654 ng/kg-bw/day S 2 7131 TH14).

&7k 3P, Choi 5(19)2 3H4%19] = Fol miZE AFB 9]

B AT AFB,Sl 7.5%] slFsie Joleks F1galel @

o

=+919] AFB,2] PDI S 240 ng/kg-bw/daysty ® I3t} 3}
1%k o= = Sl HlEE AFM, Q] XX FE 38 PDI 3k
of HEtA AUAA =& FAHT. F, & AFollA] g PDI
kel 188ul], Efo]eRlS ez 3k £X](9)9] 150 vl st
Atk 2 7MEHS = FolA HAEEH= AFB ol AFB,S AF
3t I FPE7F YoE Groopman 52 HIQ0)E HE ¥
3R] ekor7] WliEe 2 FSE
2 3 A9 A AF 60kg(17)S F-&35H = PDI 3
2 92 ng/kg-bw/day= UER AFEHETE 7l AE W2 2] AFB,
of =&H ASZ Yeiyith
2 Aol BAAAE T8 & o, = o EAskE AFM,
o] Aeks 98] AFRE ELISAE 7]7]&A0) nlaf B8 A
A7t BaskA] gfow o HEErt vl Eolx &AL w
g 2ol 7hsds & 4 AT olEE V&S HiEeE n
FHEE RUHITeRA Kot F&5 AFB 9]
388 Tt A 98l BJrt rhssteta st

N

o (] 5
el =

AFB,9] TIARHE & 34l ARMS A HiX]9] oA
cdELISAES 53l EAeto = 202 AFB9| #1814 B7T
2 stz sigioh & AFM, @9} AFB-HRPE o] &%
cdELISAYA AFM, 9] AZESH= 10 pgmLE UERSIT) Al
20l AFM & 3-100 pg/mL 5%=7F H7 H7FE § cdELISAZ &
ABlAS W 2 IFES 117-167%FH 139+19.1)8] B9 =
et Akl = 5 AFM,9] ©9%S cdELISAR #4138 A3}
AA 172700 NE F 16570 A BN HF 2.74+1.89 pe/mL
FTEZ AEHAL & F AFM,2] dUEFE HF 3.97 ng/
dayo = UENEY, AFB,o] HH TS AWASE s%=2 7Pkl

<, 794 ng/dayZ FHEACH WA Al dLHHFAH G
(PDI)}2 1.28 ng/kg-bw/day= eSO ™ =j%]2] PDI= 9.2 ng/kg:
bw/dayZ UERGTE 3HA AFB, AF 9] sl HrtelA] Alee]
PDI=, Y947 ZH(TDI, 0.15 ng/kg-bw/day) .t} 8581} E&
e HAAT f=e] AFdae) vasis o A= vsst
Al ekt

A =
B =fe 1A ariedidarde] A3 (HMP-98-F-2-
000H)= FaE Axe] dFYur).
=3
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