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Table 1 IGSR*s laboratory testing techniques summary

detection technology detection site component detection limit ref
Pb

SEM-EDX hand SZ particles with a diameter of 0.5 um [25]
Sn
Pb

SEM-EDX various substrate surfaces Ba particles with a diameter of 0.5 um [26-27]
Sb
Pb

SEM-EDX clothing Ba particles with a diameter of 1 pm [28]
Sb
Pb 50 ng

LIBS hand ba 0-2 ng [29]
Sb 220 ng
Cu 20 ng
Pb 30 ng

LIBS clothing Ba 0.2 ng [30]
Sb 220 ng
Pb* 50 ng-mL™"

ICP-OES various substrate surtaces Bai* 10 ng-mli ] [31]
Sb? 50ng-mL"™"
Cu* 10 ng-mL™"
Pb* 1.49 ng-mL"™'

ICP-OES hand Ba* 0.15 ng-mL™ [32]
Sb* 4.79 ng-mL™'
Ba 2ng

NAA nasal mucus [33]
Sb 5ng
Pb* 56.22 ng-mL™'

AAS hand Ba* 11.94 ng-mL™' [34]
Sb* 3.30 ng-mL™'
Pb 0.11 ng-mL™

AAS nasal mucus Ba 0.5 ng-mL™" [35]
Sb” 0.4 ng-mL™"
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Table 2 OGSR’s summary of laboratory testing techniques

detection detection detection
. component ref
technology site limit
NC
EC
skin
ROMAN DPA - [36-37]
clothing
2-NDPA
4-NDPA
NC
clothing EC
ROMAN - [38-39]
propellant  DPA
DBP
NC particles with
ATR-FTIR clothing NG a diameter [40]
2,4-DNT of 4.7 pm
NG 12 ng
EC 0.15 ng
hand MC 0.12 ng
MS A [41]
clothing DPA 0.075 ng
2-NDPA 0.62 ng
4-NDPA 0.66 ng
NG 187 ng-mL™'
EC 94.9 ng-mL™"
hand ~
MS ) DPA 223 ng-mL™" [42]
clothing _
2-NDPA 104 ng-mL™
2,4-DNT 128 ng-mL™"
NG 110 ng-mL™
EC 60 ng-mL™"'
MC 40 ng-mL™'
GC-MS hand o [43]
DPA 60 ng-mL
2-NDPA 60 ng-mL™"
4-NDPA 130 ng-mL™
EC
cartridge
SPME/GC-MS DPA — [44]
case
DPB
EC 0.05 ng
cartridge MC 0.05 ng
HSSE/GC-MS [45]
case DPA 0.005 ng
DPB 0.5 ng
EC 0.013 ng
MC 0.04 ng
LC-MS hand DPA 22.40 ng [46]
2-NDPA 1.84 ng
4-NDPA 0.39 ng
EC 1.0 ng-mL™
MC 0.3 ng-mL™
LC-MS hand DPA 3.4 ng-mL™" [43]

2-NDPA 2.7 ng-mL™
4-NDPA 3.0 ng-mL™'
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Experimental process diagram of inferring shooting distance based on p-PADs"*
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Fig.2 Mechanism of Gold Nanoparticles Detection for Ba'®"
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Table 3 Summary of colorimetric method in on-site rapid detection of GSR

detection technology detection site component color detection limit ref
Sodium Ferrocyanide - Hydrochloric Acid skin wound Pb2* blue-violet — [55]
15% Acetic Acid . .

clothing Pb? pink — [56]
Sodium Rhodanine
40% Acetic Acid Pb* urple or burgund

’ ) hand purp gunay — [57]

Rodan Sodium Ascorbate Ba* orange or orange-red
40% Acetic Acid

hand Cu®* green or dark green — [57]
Dithiocarbamide
p-PADs clothing Pb2* pink — [58-59]
Silver Nanoparticle clothing Pb2* red and yellow 1.02 pg-mL™ [60]
Gold Nanoparticle clothing Ba* blue 200 pg-mL™! [61]

2.2 RifiE
221 REEEN BHIGE

2 187 14 50 $7 2 3% (SERS) J&: — Fl fE 08 I 35 38 i
SRS BUNAE S I EOR R R T S8 R
ol 0 K 25 R R PO X R T 43 W R T 4 R AR
R 4 B R B OK 25 R L, & S SR T 2
SHE S NI 52 BAS 5 1 Rg $2 710770, SERS 76 46
OGSR EA7 15 R BB Fn v e B, A > 5 19 OGSR
SN T T i R

Shafirovich 25" 8 YR 1 445 5 SERS, SE L T X%
OGSR "' DPA Fil EC % Z Fh il 43 0 JR A o 3% 05 ¥
K FH 4 9 K WKL AR Ay SERS JEJEE , L2 e i 16 1 12 w55 B
SEME S ZBFFEIER T SERS 58 45 15 A5 BE FH AL I OGSR
1Y AT AT PR AR A T A% g8 0 8 5 X b7 2 O35 4L, SERS K
DR B T e 240 7 5 (5 S5 158 . Thayer 2870/
i i SERS 43 A 48 T AE R B L 206 L & AR B X
AFPEE ) P XE DPA FIEC K AR 52 M . WFoE 46 L
i F0 M PR S5 TR L B AR A5 5 9 s, Bl E
JERL DPA FIEC W AR . AHILZ R, HEERZ
B U F B R 6 5 DPA CEC (1) R AIF I A7 7%
B T ERRAL T R A R R

{5 4% X SERS 7 A4 B T 2 1A 1 5 S 2 B Y
RAE S A & I R R, (HIZHE R
P52 bR N, FH AR AEAE — R BR M . — T, B A
i 2 BT TP B A 43 P RE E 4 SERS 94 K UKL 3K T 1Y)
W BE A7 B 5 A B 6T 50, NI T4 B AR5 55 00—
T, 37 PR 10 485 20 AR 1 B s i v, HL 7 15 W EL 4 i)
{59 RAEXCR LA KGR, AT 15 B &= 2% 10 8k
F Ak B DA SR AR AR AR 5, T PR T R
222 HABFSEFHILE

WOt S RS (LIBS) J&2—Fh 3 T Ot Rk 5

CHINESE JOURNAL OF ENERGETIC MATERIALS

B TR RGOS RO A R R = e ik
RO B A TR S AR R Il A AR RS R R
ORS8RI G , B AT 523 0 3R 4 AR
(5 P 55 . LIBS $ R HA 43 Fr R
A 22 50 K [R5 K6 I LA B o B i 1ol 401 2 3 e 3, IR ok
B2 TR B IGSR Y R SR A R
BEAh, LIBS £ A 38 H 4% = 25 0] 43 B 38 19 o5, BB A% 52
B IGSR 4347 i A WAk, T 38 L J L IGSR 1 25 (8] 43 A
HEAT A B R 7

Rodriguez-Pascual %7 17 fl; T 4 X LIBS i #%
e FEFURE SV 2 5 45 22 T 3 T IR K |G SR AL
B LB RR IS LE ST o 5 R A ROR B 2 Rl IGSR FF
TE B 43, FF AT ARG U 2 B AR KT 1 m (9 80K, S G 45
RR] X LIBSH AT Z R bR 5t N R M
R N R 0, HLJC TR SR A RV AT S BB A e | T
HEMY IGSR G

k35 GE A 485 =X LIBS I H T IGSR 337 K il i) 7] 4
PE L Pyl 257058 1 52 0 6 b T8 #5505 S0 50 E LIBS K
M IGSR [ fE J1 . L 300 £ F=#B IGSR A i hy 52 56 %)
%5y B %t 42 4 Pb . Ba  Sb, Ir 43 K i 56 e 4 4% X LIBS
YT, PSR R LIBS R . BFsT 45 S W, £ 45 X
LIBS AR HE 6 R N 98.8% , 5246 %5 LIBS S A 1 3y
99.0% . Forr, (405 050 % LIBS (Y b & &1 3 Jir
7~ o Dofla-Fernandez Z&1° 0] £ 48 L4 T i #£ = LIBS
5 SEM-EDX 7£ & I IGSR J5 1 i) M i o BfF 9% 45 R &
B 45 X LIBS X AR /N T 1 wm B9 IGSR A A6 B
T4 B, AT BEAEAE T R XUBS: o T SEM-ED X 1] A6 0l 2] B
1£0.4 wm A BURL

Thomas %" HE— 25 F T 4% X LIBS 9 5 43 9¢
GG A S, % Z R R R T HEAT IGSR M /3 Hr o %
BRI B 6 T @ o BER SR 5 O68 4 0, se i W 42

N XK XXXX HF & XX A& HXX# (1-19)



ZIEM BRI RE, BOm R R, Bk

|
6-sample chamber with
individual argon flow capability

Gas out

-
Portable
LIBS

Gasin

Typical GSR
Collection Stub

\

.

B3 (G980 5 LIBS A8 25 5 L ROR B Lo
Fig.3
FI| IGSR UKL A W IE 25, I 52 300 B AN J0RL 9 5 10
B AT (R 4) o 78 260 SIS FEAS ) S 5 3 3 &
3 FL AR BE AR 1) GSR A H 3R 3K B 95% . % 7 ik 4 B il
PR, BRSBTS R 1 ming R T #5 5K
LIBS S R B Z oo E R 5 & 0 HR g 45 &
Sy HTRE 1o Lazic I BN W I & 1 — F gy AL 4 48 =X
LIBS f& & &% , A B 2 47 T+ X IGSR 9 9L 37 P 3
W 7 AL RS Sk R o BE RO (AR HIL A4S R O

10 Spots
Particle Search

/ MOBILE LIBS INSTRUMENT \ / LABORATORY J200 LIBS INSTRUMENT

by

Single sample chamber with
argon flow capabili

Gas out

Benchtop
J200 LIBS

Gasin

25 Spots
5x5 Grid

Typical GSR
Collection Stub

Instrument differences between portable and laboratory LIBS and comparison of sampling modes' ™’

i, T IGSR AR S 18 1] W0 A6 FIORS B 52 A7, B 0K 0O ik
ol VAT RS 3] Pb  Ba ., Sb % 22 il 43

i 5 30 LIBS £ R 16 IGSR 43 B vh A7 i A %,
FE A% S 3 PR S A AR U, B R BT R T R SR AT
& L4, it TSR SEM-EDS J5 7k o %4 R TG
W S ZR R BRI A B AT R R X £ B R R AT M, A Rk
TRAFYIE MR G RS S8 8tk . Mk, E4# X LIBS 4k
B G T B 1 \GSR DU i A o SR T, 32 B AR I R

1a0f  E g =
= 5 £
12x10°F < 8 3
g = g = g
R c<E< E < #
= saof g8 & EESE 2 e
2 g3 & 2285 & g
[} 2 n g b2 g @ @©
€ 6x10F |2 L.,.~—4\ S eka &
- 3?‘4 | ” - »»M‘J.CWM Po— L -‘-:—‘)UL\,L—-..
HACF |
IR A e R R 1111 T (S M VURTION TRETRNIIR W1 R
k] .
2><10 - | L,_,,_‘__ L "'-\‘\W“\- UL R L L A w‘ W
i3 TR WU LTIy SO
250 300 350 400 450 500

wavelength / nm

4 B4 LIBS 1 =R EE T b A w5 20 BER R BOGIEE A - () 5T i % T35 (b) IR R4 (o) AR

Fig.4 High-resolution images and spectra of portable LIBS on three substrates: (a)shooter’s hand;(b) car fender;(c) gypsum board®"
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Fig.5 3D printed cone spray ionization source pretreatment

process based on integrated vacuum collection™"!
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Table 4
methods in on-site rapid detection of GSR

Summary of spectroscopic and chromatographic

detection detection
. component  detection limit  ref
technology site
EC 72.46 pg-mL™
DPA 28.77 pg-mL™
SERS — 2-NDPA 38.25 pg-mL” [69]
4-NDPA 6.43 pg-mL™
N-NODPA  7.08 pg-mL™
SERS — FC — [70]
DPA
various Pb particles with
LIBS substrate Ba a diameter [78]
surfaces Sb of T um
Pb 2.0 ng
LIBS hand Ba 0.2 ng [79]
Sb 2.0 ng
various Pb particles with
LIBS substrate Ba a diameter [80]
surfaces Sb of 1T um
various Pb particles with
LIBS substrate Ba a diameter [81]
surfaces Sb of 1T um
various Pb
LIBS substrate Ba — [82]
surfaces Sb

hand clothing  EC
MS ) 50 ng [90]
cartridge case  MC

2.4 BUFEE

FL A S ARG T S — of T v A 5 SR Y o A R
SRR AR D PR 3 o 7 A0 R T 4 o R 7 i AR
FEL T R ) S5 A A AR A O TS R I AR ) R
5 IR/ F R B2 BE L, DA 5 B 1
I S A 2 Lk 2 1k R E ) R R R A TR
i B A AR IR DL B R i AL A, T A

N XK XXXX HF & XX A& HXX# (1-19)
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GSR (5 L R 22— 9% 07 kT 7R 500 B N TR
B 58 WX IGSR T O GSR R A, I 28 90 1 R A 1 32 ¢
P DL B B I A A B % G i A 2E e R T
A FEL A AR B LT R ) i B I A, X PR T
TE IS K DU v i R o 22 0 B el Bk H B (SPCE) BRI
it A HE AR B AS | 5 K fA7 SR LA B o o7 3 S B B A
e 485 2 H b2 A5 RS 1 AR s ), SR, SPCE 778
Fb 3 1 AU R AR Ak R A R A n) A, BRI T H
s J0 43 ve AR ARG I (R B 0 PR R OR LA

i.) Hydrothermal process

o

- P atom precursor
I, 0.25gNa,P,0,

714 180°C,12h

PRk 375 ) 5 B 0 K A ) X SPCE R AT 164 , LA A Ha
e 2% T AEURN B T Ak 28023, DT 412 v A 0 1 1k 0

Promsuwan %2 B il 1T — Ff T 84 485 5 AL 2
T IR 2 A% AR LU 0 K 15 (AgNPrs) 5 B 15 2% i
94 K & (P-CNTs) B & T 1 1 AgNPr@P-CNT f& i
SPCE, I 45 & {0 485 U 2l E 2 J A I R 48, S ) 1
GSR 13 il iR 5 0 5 R B P I (& 6) o Utk
b %5 T R A R AT R IR T AR S22 )
B ] P R A Ak TR T AN 2 RS R M 25 A TR R

ii.) Chemical reduction process

A

AgNPr precursor =
0.05 M AgNO 'm

' & Citrate, H,0,, NaBH,

% 3/ 3/
100 mg Carbon nanotube 50 mg P doped carbon nanotube AgNPr@P-CNT nanohybrid
(CNT) (P-CNT)

v

iv.) Portable flow injection amperometric detection

@ o=

\d
Plastic syringe

v

Injection
v v
Injectionvalve Pump control

SPCE and Home-made Flow cell |

iii.) Electrode modification

i 2 mg mL* AgNPr@P-CNT
isuspension (in H20:DMF)

i Drop-cast and
dryat 70°C

6 AgNPr@P-CNT 44K 2= Al Wy 1) il 6 3ok 72 | 40 2K A Ak W 48 A 1) 222 190 0 il B B A AL L A D A58 498 0 s i B 2 B A I R e R T

[Zl\mz\

Fig.6 Preparation process of AgNPr@P-CNT nanohybrid, working mechanism of screen-printed electrode modified with nano-

hybrid, and schematic diagram of portable flow injection amperometric detection system

Wongpakdee %"k F 4 44 ok 45 84 18 i (9
SPCE, i it 5 I FHAR %5 3 AR 2 10 (SWASV) , SE 8L T X
IGSR 22 Fft Ji 43 119 B0 3 PR sl 4G I . 22 Jr 32 AR el 350 R
S YUK L5 K S 5 T H A A T P R TR, I AR
T X IGSR PR I S B5RE o Ah AR S — TS,
2% P BN T & A AR A5 AR T & T o B B 4 b
PO SIS Ry U A AR S AR 2 i (SWASVY) |
BTG AN ] S5 o B B8 45 4 R SR A 1Y P {5 5 R AIE , B2
FEE T 5 BB Sk Zm N5 S iR E R M e R R
WF 245 9 7, B 3 5 o 0 25 60 58 0, Pb {5 55 8 5

Chinese Journal of Energetic Materials, Vol. XX, No.XX, XXXX (1-19)

[102]

WD R RO e

B 5 TR A R AR Y g 485 P Ab 2 {2 L
K E] G RALER A GSR I EK . Dalzell " T
fEHE S A i 2 AR R I GSR 1358, R AT SPCE
18 3 SWASV [a] i K 4 Pb  Sb . DPA F1 EC %5 IGSR #1
OGSR 843, HLA ) o o 28 #8 i i 95% (K 7) o X —
F S8R I A 485 o r A o AN 09 AT SR S g
A I GSR ) R A AR AE T B S . o, B AURHE
P Ak 2E AL RS K GSR (5236 B R 22 R 5
PR o
S Xt
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Sampling Analysis

|
“ Pp
i Sb
Cu 1
\

15.7 cm
7 R G XA = AR TE GSRAG I A Ay Lh A

Fig.7 Comparison of portable and benchtop electrochemical instruments in GSR detection'

x5 G UM 5 Tl 5 AR AR T GSR Ay SE 6 S 4501
Table5

desktop and portable electrochemical sensors

Experimental parameters for detecting GSR using
[105]

parameter benchtop instrument  portable instrument
deposition time 120's 120's

deposition potential  -0.95 V -0.95V

start potential -1.0V -1.0V

end potential 1.2V 1.2V

potential step 0.004 V 0.005 V

amplitude 0.025V 0.025V

frequency 8 Hz 11 Hz

Torrarit % B YRBF 5% T 3 F I8 R A 4 A R/
15 F 0 ME T 119 52 G b ARE M 3 il LA ( GCE) 1 T B
b A% I 38 1) 22 43 Jok i BR AR 3 1 AR 2 15 (DPASV)
SCELXE IGSR H i) P Al Cu B3 P A (1 8) . %42
AR REIE S R T 3 A R b e RS 2 AL 2
o7 L R Rk AR AR A UKL A R 1) HL Ak 2 T T R
BERE O R U IR A R R T GCERY R
55 0 B BE

AL, 3D T EIE A A A8 #5 20 Ak 22 {3k h B
N AN E , BB % D3t i it e HL R AR 55 A I X Ty
RE 1Y 2Pk s, FLER LA 45 m LR B2 W] B A £
ol Py A 3 T R 280K SR B R FR ), S I PR A R R
kI A B Castro 8 HIF R T — R L T R I
TR 3D AT B HE A (9 I A i 485 20 v b 2 4% e
FHF [8) 26 46 0 IGSR R () P AT Sb . 1245 B 4% % FHl A1 72
1i-RFLIR (G-PLA) & A MHRHT ER TR A, I H AR i 2R
B S IRINRE . (I, G-PLA B A% 1 42 4% fih 5 i %

CHINESE JOURNAL OF ENERGETIC MATERIALS

Benchtop Metrohm Autolab

e o a8 - Lo
- son 00809898000
52 cm

Portable PalmSens4

Method Data
Assessment

Comparison

3

‘ -1 05 0 05 1

potential / V ’
0 Portable Instrument

O A DOON

-

peak current area / pA

,_
O

Benchtop Instrument

S aSS—S—
3 " Pb

REEIELI]

3 O m——

i e ey

Accuracy > 95%

105)

1 TR A Y K, BV RTS8 R SRR o BE SR LR
BT RO, o SWASY #EAT RN L %y i
AR T A AR A RE A B AR DA R RO D TR
PR, & P TR IR

i 4% 2 Ha A 2 A% SR A% 45 & SPCE %5 T /E M Al 7
G SR ARG v L £ (5 455 PR 38 e 07 ARG A S5 AR 3, IR
B 3E T I 0 A, R AE BT B o8 R . 3 e 4N
KA G Wi T AR A AT I 2 B A I R B (B
J T R AE A TR 5 R A T e A, 1 4 Cu/Au-SPCE
A 2 2 Sy SR AL AT R O i TR B B R
AN, 3D FTEN AR B R A 5L IR Be T — 1K, B &
ZewiAb BLE R R REAE B AR B B rh R AR 4GSR, A
Bl F 3 — 25 4 R R BB 7E R ok GSR 3L K T v
B B 0 AT 5 SR, 8 485 X H Ak 2 AR R AR Y
PERE 7 52 DURR I (8] HL A7 S S B0 0 X 3 1 B4
ENP=R S R RO (SN S = 35 N = - ]
P20 AL 22 L IR 248 T T IGSR YA I, ok A b B2
E— 24 OGSR ikl , LS 81 IGSR 5 OGSR 19 1k
GOt e Horh 5485 2 Ak A A5 AR 7R GSR L7 T
0 H B R R LG N 2 6 TR .
2.5 WEHIRIEE

PENCHRIC ST — PP AE 325 T s IS SR i 1 B
Ao MFowd K G, 2OUhRc Y &8 4448 GSR
T A6 D I, 55 o e 48 =X 5 AR 2 kT kA7 BEURE , 3X
e AR L W S 78 S A0 K T A MR SO
M S B H bR 4 0 ] AR A e S AR e ik
AL AL T I o0 A AR AR R AL AR IR 2 22 IR 4R
o i R GSR Ay AT IR B

N XK XXXX HF & XX A& HXX# (1-19)
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Hierarchical porous carbon
Thermal annealing process Q Hydrothermal process ’
. ‘ ! - S 1:1 wiw with KOH 1:1 VIV with FeO I
Spend coffee grounds at 700 °C-for:2 hunder N, flow - at190 °C for24h -
(SCG)
FeO/SCG suspension in DMF
PbZ+
cu* ‘—J—'
Reference electrode —
‘Working electrode Pb”. Cu® PB%. Cu®
| . ) » "
Pre-concentration \ /Stripping
Auxiliary electrode
* Beaker [m
FeO/SCG/GCE
v
Speed monitor| ¢
JONIOFF button W scG ! FeO
Speed button (rpm)
8 ALK/ T ME T B A b AR A g i LA R A 485 2 e A 2 A R AR R s R
Fig.8 Schematic diagram of iron oxide/waste coffee grounds composite preparation process and portable electrochemical sen-
sor system "%
Fo AR LA L IR AR TE GSR BL 37 PR S AG TN o 1Y i
Table 6 Summary of the application of portable electrochemlcal sensor in on-site rapid detection of GSR
working ) ) electrode ) . ) o
decorative material detection site component detection limit ref
electrode technology
SPCE AgNPr@P-CNT AMP various substrate surfaces NO,” 0.147 ng-mL™" [102]
Pb** 51 ng-mL™
SPCE Cu/Au SWASV cartridge case Sb* 29 ng-mL™" [103]
Zn** 67 ng-mL™"'
GLE — SWASV clothing Pb** — [104]
Pb** 278 ng-mL™"
Sb** 235 ng-mL™"
Cu* 9 ng-mL™"’
SPCE — SWASV hand o [105]
NG 438 ng-mL
EC 566 ng-mL™"'
DPA 152 ng-mL™
Pb** 1.0 ng-mL™'
GCE FeO/SCG DPASV target paper ) B [106]
Cu 2.4 ng-mL
hand Pb** 10 ng-mL™
G-PLA — SWASV , o . [112]
clothing Sb 40 ng-mL
FAG, 7€ GSRESEHRIC M BHIBE R B R &8 AR &SN M. Lucena %R I LLEZ (YY) 2 5
APHEZR (Ln-MOFs) R il g i 8 4 o By et , A K B, LA R 3 28 =R (BTC) Dy A HLIC A, #9 & T P il

A& 5 kv RE I &2 B )12 6T Ln-MOFs
FLAT R 1) 2 6 R M R R I IR T — R AR
SR STl % = o N %%ﬁ%&%fﬁqﬂﬁﬁ&;k,
) R AR TR B R B T T 0 2y Ak B UKL B, Ln-MOFs
R GSR I A o B 1

B (Eu) AR (Th) LA L5 52 B 19 & ke i L 5
B HIAE GSR SR iC 9 B & ety | 78 SE B A I v HL

N

Chinese Journal of Energetic Materials, Vol. XX, No.XX, XXXX (1-19)

Ln-MOFs, 73 %14 Yo.05Eu0.0s(BTC) Fl Yo.55Ybo.10Tho.0s
(BTC) . e 256 b, BF 58 N 5K 3 R b 22 St b i
YB ATRZNIR . TSN BRGTTR  pRiC W 43 0 &
GO ARG, SR AT R R N T A
S T 5L A A 3 THT ¥ T UL £ S0 M G 2 IR (81 9)
H A RURL 14 43 A1 36 Bl Fe L AT 35 8 mo eAh  1E
— i i W SR, WA IE W T Eu-MOFs 1 R 98 bR
N Lk

www.energetic-materials.org.cn
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B9 Zthric WSt &0 FH (a e) it & AT (b) g
SCI T () B W RE (d) DL 33 19 2 1 (F) T 2 B0 1 4%
AR R g

Fig. 9 The fluorescence of the fluorescent marker on the
shooter’s hands (a, e), the shooter’s belt (b), the surface of
the firearm (c), the shooter’s shoes (d), and the surface of

the cartridge case (f) are shown in the ultraviolet light emis-

sion phenomenon'""’

CW AR A 5 2 Ak

TE £ X GSR ¥ F47 M BY W 58 7, Arouca 5575l
it 4R T #5000 25 A 5% A BRAE aT AAk AR B E T
Eu-MOFs % S bm i ) 76 N B 42 fish op 1) 0K B — Ik %
RO VB AE KUBS: o W58 & B, 2 A 10 ) UKL W] AE 98 T 2ok
PR SE O 2~3 7%, HAE % 2505 = N T 8B i 2¢Ot o
JE W DRSS o A IS SOGAR IC Y B TR N L 451 6] - R
S B B9S2 0, Weber 812 DL Eu A T AR S &6
L, AT PR Ln-MOFs, I 4% B8 5 25 i 17 A9 2.5,
10% B A, LI 45 LR W, K hric Y i m k41
2% I}, 5~ 5 R S AT B L ATD A T OE RS Y
1514 = 2 5% B, - 3 B L B0 ] BT e s i i —
HEINZE 10% B 3 BT B A 5 30% .

JEF GSR TR R 286 AR ic P 7= A 1 ok Ry & G AR

(Htta)

9 0

C(U\/L e, o)

\ (Hba) .(l EUC,6H,0
o 0 NG

B10 Eu™ - ERLA W04 s 2

Fig. 10 The synthesis route of Eu** B-dicyclopentadienone complexes

CHINESE JOURNAL OF ENERGETIC MATERIALS

SLREREB W B2 ORIE N R T E S
s P 2 [ C B . Lucena FVPIHF S TOHE T
Ln-MOFs 3458 Z (1 58 24 45 1% 55 GSR ) U8 19 387 7 1 o
27 R O i B K A A T 8 BB AN IR Bl R
B Ln-MOFs /£ % 6 hric ¥ . Carneiro %54/l
BEXE AN TR A ALBCAAR , &8 T 3 R0 & RS [F Y
Eu-MOFs 2 GhRic ¥, LA itk 5 BN [ 5 2 5 24 1) 2 S
gty . A MEF P TR Tt 5Hi &t
TR 2 B 5 vk LIRSS A U 43 BT (PCA) 5 i i
/N HN 43 AT (PLS-DA) , AAG I AN X 43 55 5 7= A=
13X 3 FARICER B Y . A6 — gt AEE
B IE AL 5 PCA FI PLS-DA MH 45 &, 2 38 T 7
Pl Eu-MOFs bR it 5% B3 4 1 A 5 X 43112

YE NP EFRICH B Ln-MOFs [H 55 5 & o0 % & &
M BORA R o B, v] SR A AR i AR 4 g 38 43
BACH R 48 . Serwy SR B RS T 40 B
R0 2 42 I8 Y SR, e = R DO TE A T AN TR
Zn/Ln I MOFs. 54 H1 4 Ln-MOFs 2GR i 4
FHLG 3% 7 BB AR T 249 7 4% .

Ln-MOFs fEA H A 53 19 K 6 E R DL R ik 2103,
JE M HT GSR B W AEOEHRIC A kL. AR HFIE A B
W iF— 25 R BT e ELAR 5 R OGP R R AR T 1 2
PECARIC MR, A R R W AR 2 LA . Gomes
VIR R B, B B- B E A W RE S AR A AR B L B
19 Ln-MOFs. % 0F 58 1 UCH 28 i & ) 1 T GSR
Frid, BE S OR8G5 R A FA R e 1
590 T SRR 0, R R AU LR B B, AR Y
M 1.28%~2.80%, 2L 25 h 6.95% , iX & B Eu’* B-—
il e A 40 5 & 51 25 2 18] G 3 (0 ) B AR 2 M A
FHE A Filho 88195k Y 2 B 1] 3t ¥ i 2 & AR
T LAMEZR KM (TBZ) A BCAR 1 Eu FiT Th & YGHEL A ) Eu
(TBZ) 5 Tb(TBZ) . SilvaZE " MILA 1,2, 4-7K PUFR IR
(Haibtec) Al Th Jhy JFURE, 38 i /K #ik A T — Flosr AL

F.Cu A : R
R 0" 1O CF, R=¢ d
H,O/EtOH Y=0 O For1
NaOH ' Ev )
12h hee20 s R
25°C ¢ d o—H
RC = o R For2
A
NH

[128]
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{37 M 4% Tb(Hbtec) Aric 4 .

Lucena 58"V YR IEBH T 80 3 42 J@ TC LA BHE N
GSRZGhRIC Y By T AT M o B SR T8 T LA AEfH
A ML B AR B JR BRAE A GSR 26 6 AR ¥ 19 & A it
T AFA . TI R BB IE ) A R T /AR
PLIR 2 (YVOL:Er*,Yb™)  JF R PEAL T HOGA=PERE
STESZE R LW, YVOL: Ert, Y3 R R E £ OB & Ot
et AR IMT S SMT IS T ZAnic W
Ba] ik B S a0

1 — Tl B 24 1 GSR 337 K 42 R, 2 S hm ic v
W 7E 2 TR A Ln-MOFs %5 9¢ YR b kL, fEfig 52
EXF GSR A 2 O o IR (9 0 R A T
R A OCRRVE SRR 5T IR Oy o e dE 2 A
T F TR L) B e A, BT B AN [ SOl e
B AR IC Y, v X2 ChRIC Y 24T Ak 2 S T BRE

®7  GSREGHRICE AR BAS
Table 7 Summary of GSR fluorescent labeling technology

S PEAR IR DT 98] 55 24 K TR

IR, ZE AR H AT I —Le PR Bl an, 28t hR
LW 51 AT BESE WE 1 564 S o M B L AN RIS L i) mT
AE T 20008 B L 4 U, R R ST AR I
Yy o RS0 LA X S P RE A R2 0 o LK, BRI
Yol fe el e A — R A AR SEBR R I h f TEE X r
TSR DURE R B B PE SR . AL, BOARIC Y I AR
W25 P e O N A Al ) 9 A S i A 1 ok — 2 A A
TERL R, 96055 5 52 7 Ah s e T4, 55 RO (s
A REBHE A, 8 W T AR A F N S X IR T AR
WIS 3R 5T T B9 B0dE e . SR H AT POEhR ic Y i &
T 5 25 v K T (H B AR WEFE R A S HOR I 58
3, ARSI PR b B A RTS8 23 R o Al LI, 5%
JEhRIEH AR R T B GSR 337 Pk 46l 114 1 5 T
Bz —. H GSRIOEIRCH A BET MR 7 frs

fluorescent material luminous center  ligand excitation wavelength addition amount  ref
Yo.gsEUU.US(BTC)
Eu®*  Th** BTC 254 nm 5% [119]
Yo.85Ybo.10Tho.0s(BTC)
Eu(BTC) BTC
Eu(DPA)(HDPA) Eu’* (DPA)(HDPA) 254 nm 5.10% [121]
[Eu,(BDC),(H,0),], BDC
Eu(DPA)(HDPA)
Eu* . Th** (DPA)(HDPA) 254 nm 2.5.10% [122]
Th(DPA)(HDPA)
Yo.05Eu0.0s(BTC)
Yo.00EUo.10( BTC)
Yo.90EU0.0sSMo.0s( BTC)
Yo.80EU0.10SmMo.10( BTC)
Eu®*  Tbh** BTC 302 nm 5% [123]
Y0.95Tho.os( BTC)
Yo.00Tbo.10( BTC)
Yo.85Ybo.10Tho.os( BTC)
Yo.50Ybo.10Tho.osEue.0s( BTC)
Eu(BTC) BTC
Eu(DPA)(HDPA) Eu’* (DPA)(HDPA) 293 nm 5% [124]
[Eu,(BDC),(H,0)2], BDC
[Eu,(BDC),(H20),]
! ’ o Eu™ . Th** BTC 323 nm 4% [126]
[Tb,(BDC),(H20),],
Eu(tta)(e-cap) (H:0) e
u(tta)s(e-ca 2
semeap Eu™ btfa 380 nm 30 mg [127]
Eu(btfa)s(e-cap) (H.O)
e-cap
tta
Eu(tta)s;(8-val)(H.O)
Eu® btfa 380 nm 30 mg [128]
Eu(btfa)s(3-val)(H.O)
d-val
Eu(TBZ)
Eu* . Th** TBZ 254 nm 5% [129]
Th(TBZ)
Th(Hbtec), Th** Hbtec 322 nm 30 mg [130]
YVOu: Er¥, Yb* Er* . Yb* YVO, 254 nm 980 nm 10% [131]
Chinese Journal of Energetic Materials, Vol. XX, No.XX, XXXX (1-19) A A AL www.energetic-materials.org.cn
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3 REERE

AT L5 R T Y I P K 4 R AE GSR K
DU eb iy W 5 T OGS RS AR K
BEEHRICTE 5 R 5 35 IE X i T & 5 ik i F s 1
AR R R

Pl €875 DL L4 A 87 L AR AR 19 0 3, iRy R 1R
WA i A BEAR G BE . Horp 3L T 4R M R R 1 T
Fr o b (o % B2 | 3 2 45 T G U 2 AR R i Ak i Ak B
R — LA R T N W . SR, 5 IGSR L5
RN AR L, ARG I R AR A N AR i ik,
{8 5 20 SERS 3& JH T OGSR 4 1o 7 S K, (H ) =2 Jk
J T A RS G S, B Sk HE AT A5 S B IR
R g 45 5 LIBS 3% FH T IGSR B e e, B 4% v 25
[T 2z S 1 5TV o G 1 X AR (W - 7 N 1
SEM-EDS I} 45 & J& & 30 i LA 3kt e Al B M 25 2 . T
TRy I, W55 B R 5 3D AT B A 45 A 1 fE 45 T
T AR IR dE OGSR I e Z0R: I v 2% B 8 — 2 1 B
FHRG S o (H 225 BRI 44 AR 5 50 50 %5 03 % R A L
U AAAE B N A2 R SR A 2 2 6 TR b i 0 B v,
R ROR 5 I G i RE ) A TR — D R R T
F, b 27 30k 38 2ok SR FH 494 DK b R A8 i R B B 3D AT B A A
B, B HE TH T GSR R DN 2 S0 . (R A8 i H Al 7
SR R FH B T AT A 2 A L SO A B Y
TRAF 5 XA N B Lol F AR 1 TR R oK .
H A, >R FH GCE il G-PLA [ Ha k24 7 i REAE 18 3] 1G -
SR ARy S 56 A6 0 B o, 1B O GSR Ay A6 i 75 o — 25 B 5%
563 o DGR IC 1 A A 45 58 AN KT IR 9O DL S R
GSR Ay ] WAL A, 5 L S5 22475 75 % o0 1 1k — 45 4
WA HT o A, AR IE Y TT RE X 3 1 B8 e A S
It HAE P AR OG IR EE T A7 AR A5 5 300 IR 1 ), 5
e RS TR N . B, KZ%
GSR B3 T 8 46 0 4 A 78 46 0 1 B8 Jr 1 4 5 S 5 =
ARG — 2206 . Yk 45 5 0 B MR, 20 45
B S AR S M AT R IR, A RE R 45 R Y AT
REME . EE XY HT GSR B DR A L R 0 5T B
KA AT S CLR LA J7 1) ) TR R ABIE ST

(1) FF 2 5 137 B 40 K 4R 0 T 35 =X L (0 4% g
B LLSEIN IGSR FI OGSR Y 5 5 S PR e A 1 . ik
— 5 DR L 0 SR 5 0 45 OGS AR B, 1 & R B
RN T B4 T A R AT 615 8 i 5 A AT,
P TG0 g o A P
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(2) 5t X #5 50 SERS £ A, vl i i A a5 ik FdE &
£ Ak T AR Y SR BRI B, 50T KRR R S T R B
OGSR BL43 1) SERS HE i, DA T 6 A6 0 117 512 8 H A5 9 19
I3 S alifk 7E E S EH AR R B A RCHEBR T
AL BT T4 . A2 SE PR B A v, 3k W] 25 5 4 5K
SERS 5 LIBS £ A , 43 %I %F IGSR F1 OGSR #4740 , LA
P g R AT SR

(3) &t 48 BT H AR, AL 3D T Bl AR E il
FLA R W R R34 SRR A, T4 A T R A RORE R A
HER AR K B T X A2 J R BT TR B OGSR W43 1 1
PRVE W B 5 SRR T, A IE— 25 2 A ) R A

(4) 1 B 3D 4T B 42 A St A i) £ B & [ A 5 06 1
TN 45 A8 (10 A b, 5B S TR 3 vl TR A R T Ak B4
TR TR A R G0 K ARG Ui T AR B A 7E O GSR A
H R, S S B IGSR 5 OGSR (4 B 4 0 #r 42 43t
Wz

(5) RGWF o & JEPE R B AR M 2 bR e, IF IR
AT AS [ 12 49 B FLAR 0 L 481 % 550 36 P i 1) 5
HEh g 2 T AT bR o . ZER DN T B b AT R
FHBC £ 5 2 D86 KA 48 X 78 o B R 2RI 2
AR FR B T, S EE R S PO A B Y A
FU AT B2 55 0%, 38 5 7E 7 A0 B3 958 R .
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Research Progress on On-Site Rapid Detection Technology for Gunshot Residue

PENG Guo-bin, ZHAO Peng-cheng, DUAN Jia-he, SONG Hui, NAN Ce
(College of Criminal Science and Technology , Criminal Investigation Police University of China , Shenyang 110854, China)

Abstract: Gunshot residue (GSR) is a trace particle formed during the firing of a bullets. As an important research subject in fo-
rensic science, it plays a key role in the investigation of gun-related cases. Currently, conventional GSR detection mainly relies
on large laboratory instruments. However, due to the complexity of sample pretreatment and the longthy submission process, it
is difficult to provide analysis results quickly, thereby affecting the decision-making efficiency of on-site investigation work. In re-
cent years, GSR on-site rapid detection technology has received widespread attention due to its simple operation, low cost, and
portability. This type of technology can be directly implemented at the crime scene without relying on large precison instru-
ments , and can quickly output detection results. It is suitable for the preliminary screening of GSR and can also be used as the fi-
nal confirmation detection method, and has become a research hotspot in this field. Therefore, a systematic review of the re-
search progress on-site rapid detection technology for GSR is conducted, focusing on introducing five categories of methods: col-
orimetric methods, spectroscopic methods, mass spectrometry methods, electrochemical methods, and fluorescent labeling
methods. Their advantages and limitations are thoroughly analyzed, and they are compared with the practical applications of lab-
oratory detection technology. Finally, future research development directions are proposed, aiming to provide theoretical basis
and methodological references for on-site technicians in actual detection work.

Key words: gunshot residue (GSR) ; on-site rapid detection; colorimetric methods; spectroscopic methods; mass spectrometry
methods;electrochemical methods;fluorescence labeling methods
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colormetric method

This study systematically reviews the research progress of on-site rapid detection technology for GSR (Gunshot Residue) ,
focusing on five categories of methods: colorimetry, spectroscopy, mass spectrometry, electrochemistry, and fluorescence
labeling. It thoroughly analyzes the advantages and limitations of these methods, proposes future research directions, and aims

to provide field technicians with a theoretical basis and methodological references for practical detection work.
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