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Development of a Paper-Based Test Kit for the Detection
of Gunshot Residues
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Abstract

Gunshot residue (GSR) was a piece of important trace evidence which helps to
identified the shooter related to firearms. The objective of this study was to develop a rapid
color microfluidic paper-based analytical devices (LPADs) for the detection of lead, barium
nitrile and nitrate in gunshot residues. The WPADs were created by beeswax printing on filter
paper. The analysis of nitrite and nitrate ions was based on the color reaction using a Griess
reagent while the detection of lead and barium ions was using a sodium rhodizonate test. The
devices were employed to detect those ions existence from the color intensity of the uPADs
images read by an ImageJ software in RGB color space. It was found that the limits of detection
for lead, barium, nitrile and nitrate ions were 0.04, 0.11, 0.16 and 0.16 nmol. The uPAD device
was then used to analyses the lead, barium, nitrite and nitrate ions in gunshot residues collected
from the shooter’s hands and from fired cartridge cases. Although the presence of GSR on
shooter’s hands after a shooting could be relatively low, the results has demonstrated that
applying UPADs, a simple analytical devices test could assist the forensic investigation in
detecting in the field-work detection of GSR.

Keywords: Gunshot residue (GSR); A rapid color microfluidic paper-based analytical devices
(UPADs); Forensic science
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waz NaNOs, waz NaNO; Aimwidudu 0-5 mM ﬁQTﬁLﬁmﬂﬁﬁ%aﬂ ynsenenm wdniui
amaegunsalfinnudiuduresansazansunsgiusing o luinmnudud RGB, duas, #1707 uas

a3 a Y v A ! v a I3 d' <,
dUNUY W'JEJITJiLLﬂiiJ ImageJ Iﬂﬂl@La@ﬂﬂqﬂ']']llL‘UlIGU@ﬂaLL@\‘i qua@@ﬂﬁqwuqmiﬂqULW'E]‘Vi']ﬂ’ﬂlluju
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AuRsIkazAduUsEANSanduNuSINans19a@auAUlElave93s F9R15197 2 NHANAABINUINNTIN

wpsgufiareududunss

aa a1

916 AA1AEY

UszAnSanduwus unnin 0.9600

a v ¢ ) A Yy v
M1919N 2 ﬂ']']llLGUQJ'U‘UQUﬂimmi?ﬂ?ﬂaqsagaqﬂﬂqWiﬁquwaﬂwsﬁgﬂﬂqqﬂLGUNGU‘U 0-5 mM

ANEY AMNLTNALAY (N=3)
gunsal Pp2* Ba?* NOs- NO
0mM 0mM 0mM 0mM
188.417+0.0233 187.408+0.1200 183.559+0.3085  172.552:+0.0969
. 0.06 MM 0.076 mM 1mM 1mM
= k - 185.04+0.3098  181.580+0.7996 176.426+0.0774  171.144+0.5541
o 0.12 mM 0.095 mM 2 mM 2 mM
» 2
¢ 170.254+0.3384 175.539+0.5726  173.346+0.1601  163.305+0.3855
0.18 mM 0.23 mM 3mM 3mM
E
@ 3
o 169.953+0.2511  162.836+0.7944 168.267+0.7711  159.180+0.8190
0.24 mM 0.304 mM 4 mM 4 mM
157.678+0.2296  155.179+0.7289  163.024+0.4053  153.468+0.2326
0.30 MM 0.38 MM 5 mM 5mM
150.343+0.5610 145.940+0.8777 160.981+0.9848  146.193+0.5421
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200
150
180 |3

: epb
170 [ & Ba

AMULTUF LAY

NO3-
160 R NO2-

150 &

140

0 1 2 3 4 5 6
ANMULTNAUBAVEITATANLUINTFIU (MM)

JUN 7 nevanuduiusseninenududuressazanginsguiuaa N ndLag

A1599 3 aUNISLEURSY LazAduUsEaNTanduiusvetasaraeNInggIu NgUnIainIINTIvIn

WUUNTEAY
#1585A8UINTFIU AUN5LEUAT R?
Pb(NO3) y=-129.88x + 189.76 0.9634
Ba(NOs); y=-109.01x + 187.79 0.9934
NaNOs y=-4.5193x + 182.23 0.9816
NaNO> y=-5.3985x + 174.47 0.979

nan3vFauANlElavaIsAnTisuaUnsalnsIaiauunIEA1e (LPAD)

1. MIANYIAIIAINNAVDINIIMIIAIA (Limit of detection, LOD)

Tunmsfnwnisfnwadadiiavesnisnsaia ldlaensldarsazarsunnsgiuinig
Wty 0 mM (Blank) ¥hufAseniusierusiiunmuesiatn AsliAnuiasen uasdienwdiia 5
il vdnduhnindregunsalitldluiasaandudung felusunsy Imaged shviosun 10 €1
(n=10) tlevAnadonazdrudouvusnnsg (SD) leuansmaass fnss 4 dardudeauy

119551 (SD) NleanAiamA1 LOD 91ngnseasialil

LOD = 3SD/Slope
(SD = Standard deviation of blank, Slope = Slope of calibration curve)
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as19fl 4 Adasianismsaaa (Limit of detection ; LOD)

asazasaasgiuiinnudiutu 0 mM (Blank) AUNELAs £ SD LOD (mM)
Pb(NO3), 176.644 + 0.2685 0.0062
Ba(NO3), 173.671 = 0.5677 0.0156
NaNOs3 180.070 + 0.1196 0.0794
NaNO:2 173.680 + 0.1450 0.0806

2 aruaansalun1sviien (Reproducibility)

ynsfnwianuasnsalunisie lnen1amenansazateuInsgIu 0.12 - 3.0 mM
Pb(NO3), , 0.095- 0.38 mM Ba(NO3), , 2-5 mM NaNOs az NaNO2 #ua1au aquuusiie
andn Mdliliuiadune 5 il wimnduneesionuiivinansneia uasiilidunan 5 ui
nEntduinmaisguniaifianadutusng 9 lufnaeududuns deTusunsa Imaged v
fana 3 61 (n=3) Mnduimanuduadldmaiede Wesuamdmdonuumasg (SD)

[

wazSavavdIu et uuNInIgINENRNG (%RSD) WeaniAufisdlunsIine

M19199 5 drudeauunnnsguduing (%RSD) vedgunsalngiain

#1998a78UINTFIU AMUdNdU (MM) %RSD
Pb(NO3), 0.12 - 3.0 0.141 - 1.55
Ba(NOs3), 0.095 -0.38 0.202 - 2.167

NaNO3 2-5 0.051 - 0.455
NaNO: 2-5 0.164 - 4.740

HANTSANYIALAINTTALUNITVINGT 91NNTIATIBAAITALAIBUINTFIU WUIINITIATIEN
Y @ 1 ' [ a a" a =
g15aaneNInIgIu wansliiivingunsalnsiainnuunseauiinnuiieddunisinsieidal %RSD
AN 5%
KanITIATIRag1uiAuTuRI8aUnIalngIauUNIEANY (LPAD)
21NN15ANBIN15ATINULIT UTAEFINAINNITAILITAAUNITIUA suUaIUDIAUY
gunsalnTvianuunszanuwlamenilan luseg1awaindu Mivudnumwdsile, drflevisassdnsves

U U ! I a | S o 1 L3 U
21d1dUAT 10 MDY LY L‘UN’]@UUuﬁ]WﬂUa@ﬂﬂig?ju‘Uu 10 39878 UUQﬂﬂimﬁi’Jﬁ]’J@LLUUﬂigﬂﬂ‘H
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LAAIHARININT 8a) hansNIsNAdDUNIYNITUAEaUNTAlNTIRTALUUNTEAAINAIRE19UaaN
nszgulaanfiuag 8b) LanenIsnaaeUn U TN UNTlNTIITALUUNTEATYNA A0
praadnsaudl 1 wagileurdisgislunsiainalsmaila UV-Vis spectrophotometry (d1%5un1s

m573934A5189 Lead wagBarium) uag lon Chromatography (615un1s5»5733tAs1e9 Nitrate way

Nitrite) uazgunsainsaadiauunszay (LPAD) TinailIeuiieudsnisnei 6

da e b

S .

sUN 8 nMsmageuniaihUumeginsalnsiainluunszane

v q

a) Uaannsraulaenil 1 b) ndslevinveseanadinsauil 1

A151991 6 HAN1IMSIILAT1EY Lead Barium lusaegrenlamnaiin UV-Vis spectrophotometry

wazNitrate Nitrite lusiaagnssaewmaiia lon Chromatography (IC) ieuiugunsalngiaiauu

nszay (WPAD)
o o da NAN1SASIIATITH
UStauiiinu
o NOs NO2 Pb2+ Ba%*
f2819

IC uPAD IC uPAD UV-Vis uPAD UV-Vis uPAD
19U990181d0AS v v v v v v v v

Uapnnsvau v v v v v v v v

NN, v Ao asanuldideninaududuvesiegatesniien LOD

nd A9 asralinulaileanamnuuduseiiegetseniial LOD

Wethwan1salasigivusunu Lead, Barium, Nitrate uag Nitrite Tusegnaivainfududn
[ a v A 1 = 3 ¥ ! :J/ (% 1 a ¢ v I3
LIUUTLIUNANND, HUDVINde9U19 kagUaannizduduny 20 fo81991nNNTILATIENA8RUN T
MIIITALUUNTEANY ULUT BULT auﬁ’ui‘ﬁ'mmgm UV-Vis Spectrophotometer wag lon
Chromatography (IC) wu1135n1sns1a7an1Usunas Lead, Barium, Nitrate waz Nitrite A 2e

gunIalnTIvTanuUNTEAaILsaiuNsABULasuesduugUnsalnsiaianuunssawlanem
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Wan wildaunsadmsiesidausunaleniiasannaiegnausnuvacdle wastdilonaaastneivdnfuty
teglifisamesdenisnsiatn wiedvsunatesni@adidianisnsiaindalsua eglsinugunsal

nsviawuunseavansaldlunisasiaialaludanmunin

anUs1gNaN1SIAY

TusAdedldvinisUsehvg wsiagunsningaiauuunszas (LPAD) ialinszi
Lead, Barium, Nitrate uaz Nitrite luaeghaiusiiutiu Taeidenldinedanisaniutislunisadn
flufifiliivouti wag nr9¥adae Griess reaction uay Rhodizonate test Tnsfiniseanuuugunsni
arviadiiisuuuuding uazvhmmeaeugUnsaingninnuunszmwluguuuuing 9 welildsuuuy
fumnzanfunidfeuniian gunsainmainuuunssauiinsldtan gunsaifimielde dsagn
T¥harlunsasaiades MUsinamsieiifdes 1nuldine Tnefgldaulddndudesedeain
Frngievinusanizlunisldau Snsgunsaifefivuaidn namwazaan wazannsntluldony
naauule

pUnsnifiseiustundannsoldamamahfutiuuudde, ddereidouasdnenmn
vouBedu wagluvaonnszauiiu neldenstunnuuuiednlusi@ 8ve Glock vun 9 1. Luger su
19 IFAdanaanmaivdsudvesujiseniiintuvugunsal aenadastunuideres esgu 1fen
n7eNa (2016), Supatana Buking azany (2018), Cromartie wazande (2019) way Wongpakdee

wazAny (2021) Nanunsaldansaluuunszawlunisasaiamlosussgwmaiiluwiituy aeidsns

£
Ya o A

dunansdeud viensinszezne wisgnslsianu mnmsfinuniifidedenldaunsaiieanwuuli
fisduuunaunsansiain Lead, Barium, Nitrate uag Nitrite lanSouqiu Feilvenag1aunniilosn
Lead waz Barium tJusiniianuisaldusdinunannisdadulaeduaisildainnismnludives
Primer mixture 5213130139052 0nvesuiwinenszquiulu way Nitrate uaz Nitrite 1Juans
1% o a a A @ &l b D | A A oa
AnAsINMTEnndivesAudensrauaudy Jadugunsaiiaunsalinsialainduwdnduiiingin
n13830u w30 0199zfnundugfegluanuiiamgld aunsalidadunmadenliaiunsainluly

aeawuaziluUszendldlunuiuiiingimanseely
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