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Abstract : Commercial one-step rapid fecal occult blood (FOB) kit which was used as a screening test
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to detect traces of blood in stool samples was evaluated for the feasibility of the forensic identification
of human blood. The sensitivity was determined and compared with the conventional Leucomalichite
green (LMG) method. In addition, the specificity of the kit and the effects of various chemicals and
environmental factors were examined. FOB kit was specific for human hemoglobin and more sensitive
than LMG test (approximately 100 times). FOB kit showed positive band using at least 1,000,000-fold
diluted human blood. The antigen was very stable regardless of storage temperature and boiling. The

positive reaction was not affected by LMG and Luminol, the traditional tests for identification of
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bloodstain. As a results, FOB test kit could be effectively applied to identification of human blood at

crime scene and crime laboratories.
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W3] @ FAASNE e AERH SHE T
o] @& (Blood stain)©] A=, Tz} H I3 A}}e]
HZE 53] 7/l (Individual identification)®] 7}&
sty Z4E A @F0RREIY FE FAELS Y
9 FH2 E4 AlF e @& oF H QY ARE
ArsHl "ok &9 HES AR 2FFA] -
F83tH, 53] 58 &9 AHE o|F APy W
g AR Ttk Sz o] shee & A
AE $J8lA= LMG (Leucomalachite Green)S ©]-8&3F
AREER o] Uk 2 717 &

o7 AMEI e,
b E R LMGYL Fibekea
H:0,) &7} djoln] Faix 4 Holgel olsh el
LMGZ tﬂi}o}ﬂ s,

<o Ay EABRCIE-E %L_/.:o]go]] ks Hi= 7)\3;

oleq;q 011;].2 Hso| &

5 AxA OOW HJ?E Uehd d&e Akt FE
£ A e, ols $7E0] UE FF
o7 odd & 7] otk AEHA U
Ab wpo g o)} Hu A A (Ouchterlony H)o]
2,£§ AHEE I QITE ol Al FlEFEAlY] 5o

A]
ol

o o O pet 2

ol ggAote] wkgoz AAEE HFA (prempltatm
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73%8}% L 1 FOB (Fecal Occult Blood) ZAZ7|E%E
I F s, 9 astg &9, Ege 7] u
A% 9% 23dE 5oz A= FoB 71E

= Aol SRS ZRI fﬂff} Regad A E o&
StEE Abgrolele] F& dfo tisiM= wheohA] ‘\%
on, F & oHE A&SHA l A }a T »ll:]' 24

A= FOB 7|E9] HAE 2

A
=57

= Al dFe=
o] AZH=A, 28 o ‘/}01'7} AEd d&
£ 7oA Hrreksd §82 F A=A
ofR A} 3tk
2. & #
2.1. EA Y X2
Aol AFEE AR e A FE FAES
AHgEReH, & 29 (&, HA, 2, AE A, F,
5, o8, dol, mehe FulstAY, A AHAsIA A
L3luth & ZAAF A2l LMG, Hydrogen peroxide
2 Luminol, %t A 4421 SDS (Sodium
Dodecyl Sulfate)= JE AN Axste] AHgsHAth &
ouq, \_9,]_ e 9] zo 31:4,] ‘/"Hoi—,—lﬂ x]]_r]
Sl AHgsich SIHR G, AE ALK 3 3 (7
2, 5, 2%, o5, ks, B

O] | E-1]

—?‘7 HHT, — ]’

so] Abg-3hIL.

2.2. LMG A|¢¥2 0|28t &= Al

52 d& HAF WHA LMG (Leucomalachite
Green) FAtE WA &S AETC] Ao &8s A
ARAIE 1 (LMG; 0.1 g9] LMGE 10 mL acetic acid$}
15 mLe] SFF 5 §ME 1'E FHsleta, o]
I Yoll HAFAISF 2 (H,0,; Hydrogen peroxide, 3%)E 1
wg Aslste] &2 o HEA9] Aagkg-o] YEh
A& #EsIATh

2.3. FOB 7|EE 0|3¢t €& 2Al
£ A7l AHEE FOB 71E= &t (F)ollA e

Hhop ALE-5L4ITE FOB 7|Ex= WY azrtEae s
H (1mmun0—chromat0graph1c sandwich capture method)E
o]gate] | mZF=2H FE7} 50 ng/mL o4l AL A
=2 F U=ES if’&ﬂ?iﬂ}. HARS Yupolaes Eehs
g AHIE 9J3o] SR AAge 43 29 (5)7} 9
3, HA2g ) EA) t2d O3 A (1) 917}

Analytical Science & Technology



EAIE] Qo Yads A MEe) B ue)
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A ool B2 §700) 9 FAL DL F 53 4
S BE01Z e 7o FHRY (§)] 4% (120 1)
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2.4. FOB 7|EQ & pid=

FOB 7|E9] AZ YIS (sensitivity) S ¥olE7] 9]
3l A3 (whole blood)S ZFTE ARR3] A&Ho=w
10814 3] M3t ARt WA A" dH 50
£ FOB 7|E9] AARY (S)o] Asteta, 7AA 34N
AAY) 412S Zre Halelan). w3 do 5o
10 (S ASFo] Yo Hsle) Zd & LMG HH4

o2 7Alele] FOB 7|ES} 7% W7EES wlwstsich
‘Iﬁ']' Eoixv\‘{‘ 74Xﬂ o]] ff]r% :15:—9] % E";:
Fopr7] S8 7%%—%01, A, Az, BASA, W,

Aol S 23 APtk

25 Nl 22 Y 2x9| A
A oerst sstEdE] FOB 7]‘501] HX= G
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3.1. FOB 7|EQ| g& =

2 4“""& el AE IRES 29§ A
FOB 7|E 10° 848 Ho7ha) Fue-& nylon,
LMG Alﬁhﬁ& FOB 7)Eo] w3 <k 1008 AE &

7AW T)‘Ol'o:h;]' (Table 1) FOB 71E9] AL ol 9

effect”ol] 23t 9124 (false negative)
o P AR g8 A4S ggo R 59
o2 A% A3 FOB 71ES} LMG #A

ozt Z AolE ERHA Sttt (Fig. 1). B3 3
o] Bolde AAY] FFEE FOB 7|EY Aol n|X]

£ YL Johugied, AZF, A, AZ, B}
87, W, Aol WA 28wl F A4 %0
Y3 FOB 71E2 AR A% A9 o)t gigick

Table 1. Sensitivity of FOB kit

~~Concentrations
1x 10" 107 10° 10* 10° 10° 107 10°®
Tests
FOB - - + + + + + £ -
LMG + O+ o+ o+ o+ - _ -

+: positive, +: weak positive, -: negative

TC
4 J

11 BN+ 10E-3
+II_l_+_l'_l+ OE-4
+ | |_'1_+'TTE % |

Y IEN

Fig. 1. Sensitivity of FOB. B1 was fresh whole blood,
B2 was three month-old whole blood, and B3
was one year-old rotten whole blood.



214 A X - w9

3.2. A& skt X9 e

Luminol % hydrogen peroxide= FOB 7]|E2| ZA}oj
A dFE FA FROH, LMGS ethanol& HAMI
() W=} HS Z18HA ‘4’5}‘&“’“‘1 53] olgZeo] 4
ol 7 W3k A =S BAFSet, SAHAEEY
B dE A Al °1]LE§ ARgsHE - f-8-3teet
Aztech &3 SDSE 7Kg ¥4 FOB 7]E ¥
LMG AL 55739 245 YePRATt (Table 2).

Table 2. Effects of various chemicals

b M6 10, ™MO Lumino FOH - SDS

Tests + H,0, Absolute (10%)
FOB ++ + ++ + +++ -
LMG + + + + + -

+: positive, ++: strong positive, +++: very strong positive,
-1 negative

M e o
12 w

F—L &O )

¥ 2% solA B# $F FOB
LMGZ AR A3 25 i{% 259 TS
LYT} (Tuble 3) FOB 7]E
¥ % Aol Hg EolatA AVL | AAEdE o
AARA HHEE Rty =3 ¥
Fo|HA AIZIEE FOB 7]1E ¥ LMGZ 7AF
STt (Table 4). FOB 71E9] 7% 587 #¢] dd&
A GFE B Gor, 108 o] # Ao A
SME AARY W= ZE7F i kRS & F
AATH (Fig. 2).
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Table 3. Effect of storage temperature

emperature R
\ 20T 4T " 37T 56T
Time Temperature
5 days + + + + +
10 days + + + + ++
+: positive, ++: strong positive
Table 4. Effect of boiling
Time . . . .
Smin 10min 15min 20min
Test
FOB + + + +
LMG + + + +
+: positive

-2

Fig. 2. Effect of boiling on FOB kit.

3.4. FOB 7|EQ| AlE 5014
FOB 7129 Mg Sol4e dohus] Sla) % @
dsfe] WA I¥E ZASNAT (Table 3). A,
& %, A, ), 4, 8, 98, Ao} % mupe] Fae

T LMG %Aol9ley, FOB 7|EdXe 25 S4
% UrEMM ES A Bolds HYFoh w3 A
0_1113 = ro LZ'“‘\":H]EJ’]' H]E}'E’_]_ C E‘l Z}’é‘ ZH_‘I_T]’

of ohsk *‘f}%ﬂﬂr HIER Coll oA gh S1%A (false
positive) ¥H3-& UEMIATE Y LMG A4 A
de ¥, 3, 45, 20|, wiFe] disiM HEA
(false positive) §H-2 YERNSAT}H (Table 6). FHF OFA)
Foll ek LMG 7Ae] Y3 g2 HSA It
(peroxidase) 2ol 23t Aoz FAHH Uk

Table 5. Human-specificity of FOB

Animals A o A m

U S T Rt .

Test = A g o
FOB - - - - - - - -
LMG oo+ o+ o+ o+ o+ o+ o+ o+ o+

+: positive, -: negative
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Table 6. Effect of body fluids and vegetables
samples A T

3w m}

% VitC A

Test i + = 3} ol F F ¥
FOB - -+ - - - - - - - -
LMG - - - + 0+ 4+ o+ -+ o+ o+

+: positive, +: weak positive, -: negative
4 1 &

4.1. FOB 7|EQ| HMESH S
FOB 7]|EE |83t & A 2 I8 Hrle 7]
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o, 53] @AY HAll 48 Aoz
FOB 7|EE LMG ZARIA A wks-&
£ A 3R Axtste] AR FEYS &5
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rlo

glo of

ox,

g 4 9lom, LMG #HAblA 4 < 3
#Asl7] olHL ALoE f&sA A" 4 stk

LMG ZHAMIA 43 95 YRl SIARE FOB 71 E°]
Al 4 S Uehie A AR &0 ofyn,
olgjgt Afedle Hu A 7S 3 FTE
(species identification)S F3stojoF & Aot} (Fig. 3).
FOB 71ES] AHE Al 71 o3 A2 #eko] 8&
o dsiXE A S89WS YEEE, Table 15 33l
gt 23] Mt ARgsteiof dthe ol

Determination

ﬁ of Human
Blood stain
positive |n;gative
4 Species
| i Identification
Luminol| | &% | _____ HE
test LMG test I i) Talie
| I & DNA Typing
L

Fig. 3. Schematic diagram of blood stain identification
and determination of human blood.
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4.2, 24X Al

Z1E AR @R ZRE FAE Fole &
deEe A4 gtk A, A7 2 AAe EEo)
I, WEAL AFME FE HEE A FZEY
ARA Avigg AFTT & Aok 1YY A 34
e EE oA WA & 5 el 4F FEY
oAF T $El9 g AHE 529 &S H|FES
523 A WYse AT Bl o W, 4
A #geA g A wkEo] LMG A 43
o7 kgt FHAE £ AlPstgon, SHA
Eo] YehA] 42 Afolt} (Fig. 4). ©] AR &
S FOB 7|EE ARG A% $/0]9lom, Alo|EaE
b (cytochrome b) A9 G7IME £4& B8 54
W Ay A3 Jjdog)e BEoE HEHHL EI A9

cyt

dog 1
human 1

BSL 7L
doyg 71

human 281 CEEC

Fig. 4. Case study 1. Blood stain(BS1) was extracted
from the shirt of a suspected person, then tested
using LMG and FOB kit.
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HEZ=Eol DNAS #8371 ¢13] QlAamp DNA
Mini kit (QIAGEN Inc.)& A}83}9oH, RIEE g0}
DNA o] Alo]E=ZE b fAAe} ZZHEY (control
region)®l EA|3}= AR (hypervariable region 1;
HV1)S] $A5ZF (co-amplification)S 35t th &
o4 Z2]¥ DNAE HV1 SEiHEo] AibeA] ggke
B, APJEIE b FAA] SEAEL GAlet 1 4
7IMES BASEH. 97IME 45 SlsliA= Big-
Dye Terminator Cycle Sequencing Ready Mix (Applied
Biosystems)2} ABI 310 Genetic Aanlyzer (Applied Bio-
systems) S ARESITE EE A FAEES 5
298 AOlEAE b FA49 G7IMLL TS NCBI
Database®] BLAST 741& Fa)aiion,

Clustal W A®] (http://www.ch.embnet.org) 2} BioEdit so-

Genome

ftware (North Carolina State University)S ©]-83] $7]

Mes AEsiit

Fig. 5. Case study 2. Three blood stains(BS) were
extracted from seatbelt of a car with saline and
tested using FOB kit and LMG. Lane 1, 2 and
3 indicated BS-R, BS-L and BS-M, respectively.
NC indicated negative control.
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