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Effects of different pretreatment methods on the determination of 4 kinds of
trace elements in feeds by inductively coupled plasma atomic emission
spectrometry
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ABSTRACT: Objective To compare and analyze the influence of microwave digestion and wet digestion on the
determination results of copper, iron, manganese and zinc in feeds by inductively coupled plasma atomic emission
spectrometry. Methods The content of copper, iron, manganese and zinc in feeds and reference substances was
determined by different digestion methods using the results of microwave digestion as the reference, and the effects
of wet digestion on the determination of copper, iron, manganese and zinc in feeds were compared and analyzed.
Results Under the optimal conditions of instrument modulation, the linearity was good for the 4 kinds of trace
elements in the concentration range of 0.02-20.0 mg/L (copper, iron, manganese and zinc), and the correlation
coefficients were all greater than 0.9999. The detection limits were 0.025-0.160 mg/kg, and the quantitation limits
were 0.083—-0.533 mg/kg. The feed samples digested by microwave digestion method and wet digestion method could
obtain satisfactory recovery and repeatability, with the recovery rates of 95.7%—104.9% and relative standard

deviations of less than 3%. In the actual sample measurements, comparative analysis revealed no significant
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differences between the microwave and wet methods for the 4 elements. Conclusion The wet digestion method can

be used to replace the microwave method for sample pretreatment in daily experiments.

KEY WORDS: microwave digestion; wet digestion; feed; trace elements; inductively coupled plasma atomic

emission spectrometry
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1.1 X5
iCAP 7200 HLJEHE G 58 TR K SOk (e
Thermo Fisher /A #]); CP214 HFRE R ZEH AR (W M)A

FRZAH]]; JUPTTER-B 23 f e T A A (i (A 1k
SR A R W), DK-3 B g VI b 24 A2 A
P23 wl); Mini-Q 27K #% (32 [ Milliore 23w ).

BBk B FERREA (1000 pg/mL, TR
FFEle); WHMR . AR . 30%id b A (i kal, 25
AR AT IR W), SR IR B AliK
1.2 S TIEEHRNERK

ICP-AES AR SEAM 3R 1, Zad XPRRAE & 5 %
LR M TP DL IE—XT H, 2R 2 5t T ICP-AES 4347 4
FOCEM AT L . X TH 245 AL TER, ATRE
S BRI B PR e R A S R A T

%1 ICP-AES TIE&H
Table 1 ICP-AES working conditions

HESH KR
Lhp SIS 1150 W
AREE TR E 15 L/min
AR 0.5 L/min
AR 0.65 L/min
B2 ST 50 r/min
85 B IR R B 1) 15 min
A 7 = 3 7 L

%2 ICP-AES MEBEHK
Table 2 ICP-AES determination of reference wavelength

JLER K /mm
il 327.395
B 238.204
ki 257.610/259.372
B 213.857/202.548

1.3 H&EFH&E

SR BT RLRE S A2 R 2 GB/T 20195—2006
CEhP R RE Rl ) SRR I ER . R i 2 4
1f 0.45 mm RUEL TR, TR BHEL, AR
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1.4 HRITE
1.4.1 BixHm

FREUEAIRRE 0.6 ¢ F =AM, MAJER 15 mL(H
MR AMR=5:1, V:V), B 2 h i GF T A S A
N7 B R ek AR ) A By ), TR REA H V i AT
M, IRERE 180 °C, MAEMMER, HIRE
220~250 °C, RELIHMT . A IH R EARR G, R,
THAREE O, AR TCOE s A2 1 mL A
il BURNAHGE, BB E 25 mL 8T, HOBKSE
VEARNEE, BE 3~ WEERZZE . WM
1.42  HORE

RO T R BRAVE S IR NY/T 3318—2018 { falk} 4 |
Y. OWELOCBELOBRL. B B HE. EYRHMIE JRT
RAFICTELS ) AR I e SRDRMRE i I A
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SKAGESHICEGE . 2. . BRI A SR
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SR P ARTE R GERE S b T SO R W TR S Rk i

2k(6 ) FIAHDL L
2 HERE5SM

2.1 FEMZMSEE SR HR

KBS I NY/T 33182018 HrifE Bk S AN #52br
W S5 AT St B 234 . MR ZRPE G RUNER 3 FR,
Hil . Bk ER . BELE 0.02~20.0 mg/L BIHREETE Bl NI A 2R
PERR R, MHRRE r>0.9999, AJyiEk LRIk GB
27404—2008 ( SLH = BUi PGS SRR ) o
St P4 FHSCEESRO s th BRIEF I, Ao H BR % E R
N 3 FiR.
22 WEESER

T X 5 R B AT I, T A 2 R S
AL B 6 EL N i W A R B0 S 0 R BT B TR R A T Ak
P, FHEIEMINE 7 K, W G55 AR W 2 (relative
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Table 3 Linear equations and detection limits of the method

TEE A LTI HRERE o i FR/(mg/kg) SE R/ (mg/kg)
il Y=21602.4182X-0.0023 0.9999 0.038 0.127
B Y=8254.7530X-28.2259 0.9999 0.160 0.533
Hil Y=44063.2723X-13.4982 0.9999 0.025 0.083
B Y=23763.5784X~113.0032 0.9999 0.033 0.110

R4 WOREFREEMNTRSFETUR SR PE, K & FEHUEN0O=T)
Table 4 Determination of copper, iron, manganese, and zinc in premixed feed for pregnant sows by microwave
digestion and wet digestion (N=7)

_ . SEATIAE ((mg/kg) B
JUEFIZE  ATANER 5k S /(mg/kg) RSD/% Ar/n{E/(mg/kg)
1 2 3 4 5 6 7
Rl 413 411 426 404 409 418 409 413 1.74
LT 410
ik 405 413 412 408 402 406 417 410 1.20
(CeRES 5229 5073 5311 5035 5053 5174 5006 5109 2.05
7S 5140
Bk 5164 5309 5232 5168 5291 5194 5106 5217 1.34
([ eaS 899 905 897 926 877 912 903 903 1.65
i 900
Tk 860 906 880 899 893 881 888 891 1.05
- TRl 3158 3133 3162 3109 3011 3106 3006 3088 1.91
22 3100

ik 3148 3110 3097 3001 3014 3008 3022 3042 1.45
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YEREE R MATIOE . EREIEMIME 7 W), WELRME 5
FRe 2 A AL FRAS 3 0 L0 A5 R R W A e T4y
{EIRES, AR Shbin A EE X, RSD /)
T 3%, %4 GB/T 27404—2008 (IR 5% F.4 HERGEE B4R G
TR, SERREES AR EIRAE 95.7%~104.9%, RSD #/NF

3%, 4 GB/T 27404—2008 [ F.1 [N 1) AH B R,
& W 3% T e RN RIS AR 3 B ARG % B R 3, 4
I 6,
24 LRRMEERNE

ST I UE I T AR E A T 2 AR T A B, DL
T A A BRI 5 R 45 SR Xt B, XS PR RHRE B AT 3 K
ER AN E, WEgRnE 7, 8 Ui, FIH SPSS #ff
SRR IEAT AT, S5 SRARH 2 Bl A BRRE SIS A |
B, . PP EERAE OS% B E X AN ZE R AT .

x5 WOREFIRAN AT R, &K E. HERNZEN=7)

Table 5 Determination of copper, iron, manganese, and zinc in soy flour by microwave digestion and wet digestion (n=7)

AT AE /(mg/kg)
JLEME HibH L FE/(mg/kg)  RSD/%  FR#E(E/(mg/kg)
1 2 3 4 5 6 7
e 2ES 10.1 104  9.80 10.3 10.6 10.5 10.2 10.3 2.42
i 10.2+0.5
ik 963 972 10.1 10.0 9.86 9.88 10.2 9.91 1.89
W 135 136 131 140 134 132 138 135 2.18
% 13944
ik 139 140 145 142 137 138 134 139 2.36
Tl 284 285 283 28.7 27.2 27.6 27.9 28.1 1.78
i 28+1
FTArS 286 273 282 28 26.8 275 27.5 27.7 2.02
Tl 384 379 372 38.9 39.5 37.4 37.6 38.1 2.05
for 3842
1k 39.1 378 369 36.5 37.7 38.3 38.2 37.8 2.15
3 6 TR AANIE K 3T STRRAE S AR E Y EE B ZE (n=3)
Table 6 Determination of the recoveries of actual samples by microwave digestion and wet digestion (n=3)
TLEM GIPUSLIpIRZS A FEAE/(mg/kg) A /ug [T % /% RSD/%
(e RES 10.2 6 98.2 2.11
il
ik 9.99 6 103.5 1.63
(RS 136 80 95.7 1.18
%
TV 140 80 97.4 1.12
(RS 27.7 15 100.7 1.48
i
TA7S 28.2 15 97.1 2.73
W 37.7 20 98.6 1.52
BE
TA7S 38.3 20 104.9 2.26
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Table 7 Wet digestion of the content of copper, iron, manganese, and zinc in feed samples (n=3)

il B i B
RN IE
“i/(mgkg) RSD/%  &E/(mg/kg) RSD/%  SfEE/(mg/kg) RSD/% & iEE/(mg/kg)  RSD/%
AAREN T 19.1 1.93 184 1.00 119 1.04 72.4 0.66
REC A ket 85.4 2.73 309 2.64 123 0.71 1153 0.17
KT A e e 70.9 2.48 585 3.31 299 1.24 209 0.17
REHC Akt 7.21 1.81 32.8 1.63 15.5 0.81 152 1.01
T A 29.2 0.81 161 1.22 139 1.34 97.1 0.26
TRV IR R A Rk 1217 0.36 3593 1.30 1221 2.74 864 0.63
AR b 15.6 2.08 133 4.45 67.0 7.07 100 1.15
XS IR TR A Rl 197 1.76 1317 0.15 1486 1.75 933 0.88
X HC A et 18.4 1.00 383 2.48 186 0.03 161 2.12
I P5C 5 et 1.70 2.63 18.4 2.90 26.7 1.46 20.6 0.17

®8 WOMHMRERERTE. %, & FHNEEE@N=3)

Table 8 Microwave digestion of the content of copper, iron, manganese, and zinc in feed samples (N=3)

BRI e % i B
Tit/(mg/kg) RSD/% & it/(mg/kg) RSD/%  iE/(mg/kg)  RSD/%  #i/(mg/kg)  RSD/%
A A e 18.8 2.69 189 1.84 120 1.28 73.6 1.18
FEBL AR 83.7 0.36 303 1.25 122 3.26 1133 1.76
praariE b 70.1 1.12 580 1.78 296 1.61 204 2.58
FEBCA Ak 7.35 0.81 33.4 1.25 15.6 1.84 156 3.44
FEBCA 29.3 2.36 158 0.33 141 1.45 95.3 5.10
U IR TR A )R 1202 1.40 3531 1.58 1205 1.39 851 1.97
A e 15.4 0.84 135 2.17 66 3.49 102 2.83
XV ISR T R 193 1.83 1299 1.26 1466 4.03 918 1.65
X e & e et 18.7 2.77 387 2.08 188 2.59 163 1.00
5 T 45 e 1.7 1.81 18.1 1.37 27.0 1.58 20.9 0.79
3 % D |
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PR B ARA R S0, RERER AT R
el G T X EETT R AR, (HR R i L
EREM O B, FRREEESZBR . VORI | T AMEL AR o
AR, SRIET AL AT BAEH 2015, AT )b BRASCAN )
RTURERD AATAL B, AbBEARE S BB AR, T L
SERRXT LRI, 2 PR R R U R ARSI A R TG
WFEZS, WEEA LR R U, kT
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