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Abstract: Development of a method for the simultaneous determination of various metallic
elements in the feces of Periplaneta americana L.. The samples were dissolved by microwave,
and the mixed metal ion standard solution was used as the control. Inductively coupled plasma
optical emission spectrometry (ICP-OES) was used to determine the contents of 11 metal elements,
including Arsenic As, Cadmium Cd, Aluminum Al, Nickel Ni, Copper Cu, Mercury Hg,
Chromium Cr, Cobalt Co, Lead Pb, Manganese Mn and Iron Fe. The linearity of the elements to
be measured was good in the concentration range with the correlation coefficient 7>0.9990. The
detection limits of the method were 0.001-0.067 pg/mL, and the average spiked recoveries were
96.37%-102.01% with the RSDs in the range of 2.82%-13.49%, and the RSDs of the
reproducibility and precision were both less than 5.0%. Six elements, including Al, Ni, Cu, Cr, Mn,
and Fe, were detected in the feces of both nymphs and adults of P. americana. The average
content order is Fe > Al > Mn > Cu > Ni > Cr. The content of each element in nympbhs is slightly
lower than that in adults, while the other five elements, As, Cd, Hg, Co, and Pb, were not detected.
The ICP-OES method can simultaneously determine the content of multiple metal elements in the
feces of P. americana, Which contains six elements including Al, Ni, Cu, Cr, Mn, and Fe, and
their content slightly increases with the increase of insect age. Harmful metal elements such as As,
Cd, Hg, and Pb were not detected. This study can provide a preliminary theoretical basis for the
potential value and safety assessment of the feces of P. americana in medical applications.
Key words: Periplaneta americana; faeces; inductively coupled plasma optical emission
spectrometry; metal elements; content determination
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43 SV BRUHT e 55 YN KMl R AE (JtE'5 202212160 Bl FRERE B (JiE'S 20221109,
20230317) ifE, & 50°CHTRIEE)G, HFE TEE TR AT, T 4°Cifr&H.
1.3.2 ICP-OES Jll5E %1+

RETThE Y 1200 W #AMEAN 12 L/imins ISR 0.50 L/min; $E3)755HH 1.00
L/min; FHSMER 0.50 L/min; &SUE I 0.65 MPa; IR HEFERT (]9 15 s; #EREIRTIE
4 1.50 mL/min; PRIZFUEAN 4.00 mL/min; FEBER A 5s; BT 1s: WEIRECH 2
Wo KEMIPEA As (193.696 nm) . Cd (228.802 nm) - Al (396.153 nm) « Ni (231.604 nm).
Cu (327.393 nm) . Hg (253.652nm) . Cr (267.716 nm) . Co (228.616 nm) . Pb (220.353
nm) . Mn (257.610nm) . Fe (238.204 nm)
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Tablel Microwave digestion program

AR EHREE (°C) THEM ] (min) ER I ] (min)

Steps Controlled temperature Heating up time Constant temperature time




1 120 5 5

2 150 5 10

3 180 5 15

1.3.4  ZRGUbRAEN ] %

Sy RS EEUGR E Y 1000 pg/mL 1 Al BRAER R 250.0 uL, As. Cd. Ni. Cu. Hg. Pb.
Mn. Fe ArifE#R 125.0 uL & Cr. Co AnifE¥E 62.5 uL T 25 mL FEH, &, #ilfts
AEVAI 1, DABRAEVEIR | FRR 13 bR va i 2~10,

1.3.5 RSV %

FERAREUCRES, 0.2 ¢ T MEES, N 8.0 mL RYIR, YRAI, 5 Py E 30 KON b i 1ok
AR 10 h a4y, A R B BREI R S s R S A A R B T R AR, %
BB G D #ATHM: MR, ST, EEERITREE, B
L TH RIS R, KA AR TEE TR E b, BB 130°CHR KZ) 3~5h, &Y
ML 0.5 mL: X TH VR R 4K /b 8 2 IR B B Bl P R B 4K E A 2 10 mL, 255,
A 0.22 pum FKAHSEBOL SEAR AL, S AR BRIV T FE AT 2 1 T 4%
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WC“1.3.57 TUT Al S VAR 12 #678 FE % “1.3.27 TR 1) ICP-OES W& 2% itk
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I~ ICP-OES 244, 4F 30 min #EAEME 14k, FLWE 5 K, 1l NAHE .
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mL, VR5JEHIAFIMARIEW, PATHIE 3 4y, SRJEH% “1.3.27 TR ICP-OES sFAFEFEIllE ,
E S BLAE TSP IR [N & RSD.
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Table 2 Results of qualitative analysis of metal elements in the feces of Periplaneta americana

SR ARIRSEAT AL S

Sample lot number of the feces of Periplaneta americana ) PR E =R
JLR
20221109 20230317 20221216 Limit of Limit of
Elements
8-9 H Hui% 5-6 1 i 2-3 A fi detection quantitation
Insect age of 8-9 months Insect age of 5-6 months Insect age of 2-3 months

As —0.14 £ 0.01 —0.13+0.01 —0.12+0.02 0.020 0.066
Cd —0.09 + 0.00 —0.08 + 0.00 —0.08 + 0.00 0.002 0.005
Al 5.81+0.12 3.40 £ 0.02 3.12+£0.08 0.047 0.156
Ni 0.04 £ 0.00 0.05 +0.00 0.04 £ 0.00 0.003 0.010
Cu 0.21 £ 0.00 0.13 £ 0.00 0.11+0.01 0.003 0.010
Hg —0.26 £ 0.01 —0.23 £0.00 —0.21 £0.01 0.005 0.016
Cr 0.03 +0.00 0.01 £0.00 0.01+0.00 0.011 0.037

Co 0.00 + 0.00 —0.01 +0.00 —0.01 +0.00 0.001 0.004




Pb —0.01 +£0.03 —0.03 +0.00 —0.03 +£0.49 0.015 0.049

Mn 3.09+0.03 1.76 £ 0.03 1.66 +0.01 0.002 0.006

Fe 9.96+0.17 6.71 +£0.08 5.88+0.03 0.067 0.023

22 FHEFER
221 ZMERHRFE
IR “1.3.7.17 BURHHT IR, DURIESREE AR (y) , IREENR (x) , [EIEA
JiRE, SR BRI RE r $920.9990, WMIE TR A, HAMLRRE (£3) .
x3 LMelE. EBZLGIEMEMERXRY

Table 3 Linearity range, standard curve equation and linear correlation coefficient

e LML (pg/ml) T v pH £ 7 LA R A%
Elements Linearity range Standard curve equation Linear correlation coefficient

Al 0.010~20 y =318 056.0x+4 294.5 0.9999

Ni 0.005~3 y =77 879.0x+17.3 0.9999

Cu 0.005~15 y =254 509.0x+20 251.0 0.9993

Cr 0.002 5~5 y =293 183.0x +2 903.7 0.9997

Mn 0.005~15 y =1935414.7x + 63 933.3 1.0000

Fe 0.005~15 y=180287.0x +7977.4 0.9997

222 FEEEAL

R “1.3.7.27 BURNEATRES, 715 RSD 7E 0.25%~3.66%5 [H N, 7 H1X
I (k4 .
223 EEMERAK

R “1.3.7.37 TURNEATIRES, 5 RSD 1 0.77%~4.98% 5 N, R85k EE M
Rif (R4 .
224 FREMERE

IR “1.3.7.47 BURBETIRE, 1HH RSD 7 0.61%~6.22% 0 N, R IE B E M R
I (k4 .
2.2.5 bR RS

W 13757 WURBEAT RS, TP B AR B R & RSD, P #4000 R ] i

96.37%~102.01%, RSD 7E 2.82%~13.49%H (¥ 4) .
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Table 4 Test results of precision. repeatability. stability and spiked recovery rate

i =AM FaE pE2llies pE2lulies
JER
Precision Repeatability Stability Average Average recovery rate
Elements
RSD RSD RSD recovery rate RSD
Al 0.25 4.28 1.18 96.37 13.49
Ni 3.66 2.02 6.22 100.28 8.45
Cu 0.40 0.79 1.32 98.94 4.81
Cr 1.50 2.41 1.25 100.53 4.84
Mn 0.48 0.77 0.61 102.01 2.82
Fe 0.37 4.98 1.37 97.97 5.20

2.3 HSINE

FMARURSEME H As. Cdv Hg. Co. Pb 5 FUTH & B TAMMRIMAK H: Ao, sl
FEAF R RER AL Niv Cu. Cr. Mn FlFe 6 fitsk (385) , i Fe. AlL Mn3 Fuc#
SEEE, BRRIER S ES N 33544 £4.09. 170.02+0.80. 88.25 + 1.72 mg/kg,
Cu. Ni. Cr3 FnK&EEDHN 6.70£0.04. 2.60+0.19. 0.75+0.05 mg/kg: #7HIEFH 6
FhICR S B AN 293.98 £ 1,72, 156.18 +3.83, 82.85+0.45. 5.74+0.26. 2.02+0.07. 0.67
+0.03 mg/kg. Kt 6 MIEIcER, ERHSSE A 1 BN m T BUE, HERAK,

Rl S PR A R ) AR KR I BN ], AR R A AL BE I AT AR AR AE 22 57, i LA
FEPRENERBITREERXAHAR.

5 EMAMWEE 1 HEBTESBRUER ( XS, n=3, mgkg)

Table 5 Detection results of 11 metal elements in the feces of Periplaneta americana

T RBSEE R M=

Sample lot number of the feces of Periplaneta americana

TR
20221109 20230317 20221216
Elements
8-9 H ikt 5-6 H e 2-3 H i
Insect age of 8-9 months Insect age of 5-6 months Insect age of 2-3 months
As

Cd



Al 290.56 + 5.80 170.02 +0.80 156.18 +3.83

Ni 1.88 £0.06 2.60+0.19 2.02+0.07
Cu 10.46 +0.13 6.70 £ 0.04 5.74+£0.26
Hg

Cr 1.29 £ 0.04 0.75 +£0.05 0.67 £0.03
Co

Pb

Mn 154.32 + 1.47 88.25+1.72 82.85+£0.45
Fe 497.84 £ 8.27 335.44 +4.09 29398 £1.72

Fe Foh “” AR, Note: - meant not detected.
3 itSiie
3.1 &RRERSEEEVEIENIN

DU 22 A2 Wt Fe s, A SR 24500 AR 4 24 A B 32 BRI 1) 20,
PR T 8 e R I & B O N BRI AE R, AR U N (&S, 2023) .

AW TE T IR 7R T SR K ZE(E A Feo Al. Mn 0 R EZE FHEL K Cr. Niv Cu i)
TUEAELE, Fe Al Mn i & &R 7 HAESE MRS S P EEE. Fe MM EN
AR SRBERC Y, 038 AN REGTR S EVE I ) iz AT R ANISE, 2016) 5 Mn
FEIE M AR R0 S B s 1 v 1) 22 J A et OB R AIE T CREIRSS, 20120 o AL JGHRTER
S B AAAE T AR 6 4 I, (E0 AR RS RS T (e Rt aetE) &t —
ST EE (32855, 2023) o Cr. Niv Cu ZEJ0 R ESE M RURIEE b & BARX UK,
(HAENURAE DT R AR EEAEH (RIRIT, 20145 BERRS » 2023)
32 EGRMBAEEREAZNREMITH

Z M 2020 FfR (PEZ M) (UED SEDZMERTrESRMNGE oRRE (H
KT G143, 2020) (Pb<5 mg/kg. Cd<1 mg/kg. As<2 mg/kg. Hg<0.2 mg/kg. Cu<20 mg/kg),
FPNRURFEAEH 5 FeEK Pby Cdv As. Hg. Cu FTARIMMEIIE TFIREE. %45 RIERE
NIRRT (1 22 4 1, U WITERR AL TRIE SR T SR U R MRANATAE 35 5 & BN AR I 17 8
33 AREEK% B X & B T RIRWCR AR

AW ICE KA 7 1 AR RS (R SRR A5 b 6 < Js o 3K & B AR AR T 1T 25 110
AR, B SRR BT, AP SRR S B EBEY, TREMEEARKE



By BOW AT Hh <828 70 3 ISR 57 9 R I 0% 22 A R IR 5 R o SO IR 9T R R il A= ¢
KB GICR G 0B 5 R IR — € BB SRR, F7E S B b AT AR A= KB B i B 8 7R ik as
PACA <5 8 70 3R S HAh OGRS TR BT R, 4R TH IR AR 5 77 SR, AT HES) B
BRI AT RRSEM ] 5 A S A TR R

Zi b, AWEFEH R ICP-OES 5 Se Ut R d sl di e fdih 11 A& s o = & |t iT

M5E o G5 RARWIAN R HL e 528 PR WSS AE P gkt 1 AL Niv Cu. Cr. Mn M Fe 6 T %,

SEWERECEN, A EEE As. Cd. Hg A Pb SR NARMGH . X —#F RN N
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