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Application and development of solid sampling techniques for the detection of metal elements in soil
MU Li', TANG Xin', WEN Jingyu', WENG Liangxian', YANG Qinyu®, XIAO Di', KONG Keke?, PEI Lijun’, LIU Xiaowei'"
(1.Key Laboratory for Environmental Factors Control of Agro—Product Quality Safety (Ministry of Agriculture and Rural Affairs), Tianjin

Key Laboratory of Agro—Environment and Safe—Product, Agro—Environmental Protection Institute, Ministry of Agriculture and Rural
Affairs, Tianjin 300191, China; 2. College of Environmental Science and Engineering, Nankai University, Tianjin 300350, China;
3. Jiangsu Tianrui Instrument Co., Ltd., Suzhou 215300, China)

Abstract: In recent years, soil pollution has become a serious problem in China. Accurate and fast methods for the detection of heavy
metals in soils can help the prevention and control of heavy metal soil pollution. Direct solid sampling technique has been widely used in
the determination of various elements in agricultural soil samples because it can simplify sample preparation, shorten analysis time, and
reduce the use of harmful chemical reagents. In view of this, reviews on introduction technologies of typical soil solid samples, such as
electrothermal evaporation, laser ablation, plasma injection, and neutron activation, were first summarized in this article. Second, solid
sampling technique was classified according to different detectors, and its principle, latest research progress both at home and abroad, and
standard status were summarized. Furthermore, problems existing in soil solid sampling techniques such as sample weighing and mesh
selection, calibration method, matrix interference, and elimination technology were summarized. Finally, prospects and aspects for the
future development of soil solid sampling technology were summarized, which include automation degree, field application, accuracy
improvement, and cost saving.

Keywords: soil solid sampling; metal determination; sample introduction; technical classification; research progress; standard status;

future development
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Figure 1 Electrothermal evaporation principle schematic
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Figure 2 Laser ablation schematic

1% WHART]

PUE S8 BURE T R 28R 9R  HEF E T
P72 5 1CP-MS H3 I I JL T AT DA fik 21 Je 45 e iy, H:
TR R E TR, BT, T LABOR AL
SIFTHEORA LIBS FEOG R R OG5 (Laser ablation
absorption spectrum, LAAS )",
1.3 EEFEHEERA

ER g RN AN E R N B ST e
B TR FMR IR S5 8 IR 2 o e 5 B 1 AT HL UK
e A NN C A T WS T S RN
JeeH Ao P R 7 A F U AR A E TR R Y A B 1A
U DO A5 B A T T AR B AR 2 Y oy NTU S5 F
il I ELF A0 55 B8 R R - & 5 3 (Microwave
plasma atomic emission spectroscopy , MWP—AES) i 1)
g 7 3 BOARE  R AR B B B SET R B
MWP-AES A LELHE I A [ (AR i i) 028 42, 5 [
PR A FSR AL b, Ao 1 R T0 3R v ) it 223
K T AT SE o VIR 5 18 (A TT L B e S AT 1A
JGER WAl 5 ICP-MS . 5 LA FI LIBS # LL, fiKik
S B TR R AT AL ] B ARSI ARG, (H 2 UK BE
AT AR E BE AR A b 5,
1.4 Hfth EF R AR

INAA AT LASE S [ AR it e AR A f 4
AR AZHAR T LR by R T AR O R
LR AL y SR TR A 2 -y B 2 52 JE
FE o HORFIMEITER 60 Z 8, HA /sl FER R
FHORE R S AR AR A RO R AR 5 2 AU
JEAS g A

HL BN #A R (Inductive heating , TH ) 20 A i 2%
AAT SRR TR TR 2 P O X SR 2 B it i
— RE AR B AN RE A28 K R EOR . 2T
BRI A7 28 1 i Mok 77 A2 28 R Bl AR, L
78 RACRAR L K ABBE i 9 1) REUA A e gk e, DRt H ip
PIARAGEN 2 N,

2 TEEGEZEHERARAENIMRERK
FREIR
2.1 B E TR &

AAS &R T ABFE T HNZ B F X M6 B n] L
Y L A 14 P i 5 S 2 %) WO AR AN [ o
BT E B 0 AR A2 il
JETE S, LR TE AR X T, DR A0 3 e A
T R BB R BT MR AR T LT AR
ZFh g fEouE N AL 2 HE AAS BAAE—



PR 45 TR 7E -4 78 2600052 1 0 LI 229

PR, ANAE R A [7) 4 ST 38 1% T I B T kT
U5, BLIC X 22 B o0 2 R B R4 5 AN, 7 33X T A
WA FFIER™ . AAS TEAR R 25 Kk 5 O [R W] 43 2k
S W T S8 S W B X BIFE T A
SR W A B 0 AT S IR IR B
A 8 B 5% B ) B ) TG R O R OO T VR Y
100~1 000 i, H iU FE /)N 4 0 2 SR oy L 6 T
MEdE & MEJR LT AR TR T R H B —
AT 0.122 3 ngPl, KJATE BT C 228 AT AT B
B H RN F R SR R R, B ERAE
(CEEANE IN via  N A NS N 52 ol LR W )
R 2 (HRE B, A T RIES TR
BF AN BEAE KA S MR SO E 12, 43 A T v T oG
R Bk VHA) FHL R 2 A 52 A X T R (B L
PG 2 AE) L, AR ERE I o v v A 2 1R
ETV-AAS, ZHRTERE 5 853 N 52 % I AR AR T 5
WG48, ol BERZ MR 2 R e PERY . H AT
AR BN B MG 50725 58 T SR MGH R 1k
TP R AR A TR PR 55 DR 28 T [k 2 R R — 1 AR e
TSR R, R T AR S e R
BEVBY R VBT S HR AR A PRGEI E Jrk . ZO R
e e Ty 1) ) 1 B 37 06 445 =X - 38 50 3 P sl 2 4y
Broridie

H AT P RS RE S b v = R AAS H AR E B
PI(SN/T 3511—2013) HilkEH™ (SN/T 4572—2016) i
(SN/T 4763—2017) 4" A (GB/T 31947—2015) %%
W41 (GB/T 31948—2015) . - IEATTAY) (H) 923—
2017) . fu.%% (SN/T 4697—2016) . 14 K (SN/T 3010—
2011) FIEEHTIH (SN/T 3912, 3—2014) 5K . 1EE bR
PR rf, R A AAS RN 2 ShAE YA R i B
(ISO 15774:2017) . £ & Hh A9 &5 4% (ISO 11212-4:
1997) Ko £ db v B B L4 LBk F % (DIN EN 14082
2003) .
2.2 B PHESLIRIEFIRKIE L

1o 3 PR % 2GR 5 RSO 3 (High resolution
continuous source atomic absorption spectroscopy, HR
CS-AAS) H TAETREE 2524 10 000 CHY i FE A B AT
FEET B i o o ) 2= RGE AN, e R U 9IAT W]
DATER] WG (G ) 28 ARG IX S it s 2 SGIR, J3  2
ITHOBER, B Se i RS, SR 5 B e, fe s
LR 3K A 0 2k [ R AT R 5 28 1Y, HR €S-
AASTEHEIE b e 1 3 AAS i FZR 1 e TR 22
Xof A — I 5 0 2R TC A8 A I S AT, H— I R

RED 2 —FPoC K 1) )8, (BT 20 BeR AR H m FGE
T8 Ry R WSO 2k — 1 T8 B CR 29 JLRK ) iy 5
AL, SRR AT R AN RS AR &, ELRBAS W ) o ik
WA (NF 1 nm) , HUBE A E o0 R AFIE LR B %
AHAR A TC 2™, EAE W I & A 58 A mT UL S5 14 ] el
IRFIAARI A3 R B — S 8T T R HRg i Pkl
PRI 25 , SRR e 21, H R A S AL
PHRXER T, 5 ETV-AASHI L, HR CS-AASAE R4
1o (AT B2 R 22y TR) A R (L v DAk
A SRR SE I, AT ARASEAR A RSD, HAXA B K
SR, ks B Bt 3 G RGBT 0T 20 SR A v A R
H AR BP9, PETKO Z5°R ] HR CS—-AAS X}
VRIS RE B (DU A AE IR ) P B ROR UEA T 5E
WX S B T, A8 T R TR
SR R R
2.3 EE#HHEEFRANEE

AFS 2R R & S R, B e R 75 % I 1)
FEDUAE & b AR AN [ B AR ™ 2B 9o A
[F] ke A 2 o T R 1 4 1, i B R 5 AAS T AES 55
HAhSEHE 5> BT 7 A B, HLAA R S BRI AR T4
A R R O R GG PN R AP R IR
ST A IOFT ISyt M el v S = i 12 e 8
(I /N S S I I AN A N e e B Y T
RO BT ICR AT % AR AT LR B 5 HAD
HEMICER, /IR TIRG BRI (S
W) % A = I8 6 1k [ Bk 2 - 98 o G A 6 7
D5k AR AT B A TR TR ST B, 7E
1A AR D7 T, AFS HOR AR IR Tkl T 200 R
[ B0 5 R B A5 FH BTV B R, B KR ep
(R 7R 25 2 R ST T AL A — 42 TR 5T 78 AFS TR R
I ISR . H TR N B TR
F Y KRG K AR A a2 (LS/T 6125—2017) (R H
T K Fp SR B 5E (NY/T 3789—2020) Fife H + 33
SRR 5E (NY/T 3788—2020) .
2.4 X BHELR IS

X 5k 9 R ok X B4R BB SF ARIRE A L A O
R G X BT 4k 1 g s K AR bE R T . X
SR DEEITE W] 43 Ry i A RO RN R A (O, X
SE T iU B ot ik (K13) ot ik
VE 238 & X SR AT S BE T, B AN [T K i 5 4 43
FE AU IEA T I A R B 0 s, AT IR B DG 2 a2
PE ERT. REE BRI DO SR K (8 iR
GRS R JEE A [R] (A & T8 N

WWW.QEs.0r9.CN




NGE32°

VRETSR Rt Y £ 415528

PASITILN
()P AT

LRl

SN

ioRlllE

(b) BB (B HL
B3 X & it (R E

Figure 3 Schematic diagram of X-ray fluorescence spectrometer
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