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X S en e ik ik ille HEEMPUR B o eE

MAE, B, T, AR, Zui, mF, AR, mi
(1. P PRHE A X AR AR W d 0, 77 F 530028 5
2. WAL B TR B IR Bl 5 TR A B, WAL A 435003)

WE: X H& KRR EE(XRF) 20T L3 fe it Ry P AR 60 & 20y ik, A FIAR R 2 AE s n 2 4
REREME, BATR TEI WX BRI ED R O4ELSE RS H 2490me/kg, £ A XRF &
M T e L3RR P oG 4E A F 0 H AR TN EN TR, AT R T ZMAE] LIEAT A
R R GRS E R BN ECE RS, T &89 0 L RS B b 2490mg/kg 42 % £ 3780me/kg, % ikl
RARRASEFENR T RS THERYENMTE N, F TR0 AF ek E A 97.8% ~108.3% , %4
T ERELN AL & BRABASE B TFREM LS ER TGS E DT 5. 7%, A3 47 410 £
(RSD) N F0.4% (n=7), ¥4 RENZENTEEA T 50 LIE A DURY) 69 S5 FFoki 5 E R AT .
KER: X HE KA E; mArwi; 45; L3, WARY

£

(1) BFEATRER T ZMANB] LIEAFE YR T AH & L3RR EE S,

(2) AR AR AR AL ) & 00 KBRS 30 8 AT AR T D,

(3) ZHFEATLEARAAS T HETEGNT,

RE4S %S 0657.31; S151.93; 0614.711 SCHERFRIRED: B

S SRR A B AR K T 65— PR T
R EVFZMRSRE EZEER, I B3Rt
B S e N Y L H AT A
BUYy 5 B0 L R T ok A DR T TR O %
(AAS) ™| H B A 45 8 7 R & e vk (1CP -
OES) ™) o BB £ 25 B TR BT 1 (1CP - MS) 1|
X B 2k 5t i ik 45, SR AAS|ICP - OES,
ICP — MSSH7 A 149 75 Xof o 5 HE A7 04 A , R 2 g %
B ELAS T G b o TR TR, A A B 5 e e AR ) 3
R S OB 2R B BTG e T XRE 350 5 1 3
P R LA AR TR B A IR 0 PR S O A

M) 32 AF 78 FSE IS o T A A 35 A 0 ) 5 T
ZAEET XRF 4387 -3 A bR e, W3 (& EPA 6200
Tk, T E AR S IR AP R A& A i HI 780—2015
Jirt ] = BEUEAR A A i DZ/T 0279. 1—2016 4%, 5
N BATESET N XRE 0 52 4 o 1 32 174 5% i R 2% 1L
TN 7 VR W A ST S B o FH A5 1T AT AS B ) 4
RIS T XRF R LR,

SRMTBE R Tolb AL E AR B R b, 1 7= U i)
AN BRFF R S ILE B HE S A A XS A T K
WS et P 4 J I, s R TS e Hota ™ i, S
F XRF 350 Hri5 Yt e (9 8 4 JE oo Rl & Bl

fs HHA: 2019 —05 -30; {E[E HHA: 2019 —09 -30; #EZ HHA: 2020 — 06 - 04
EEWH: J 7 ARRFILET ST R R HE 2R AN SBE R (2015GXNSFEA139001) 5 774 [ 48Rl
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TSR ) AR 2 E BRI DL . g ok
PRUED) IR = 14 [ AL, A5 3 368 K o 2 R BT A1
BT o b ) 55 - AR R DU AR ) it
Fr G R RE S 0 R P i T R
A S 207 1k o5 MR il 0 A2 S R B AR I, A7
TEACHEAE G AN IR it ) SR AN 58 R IE R L 42
H G RFIUAE dh 035 A H m i, ok ad BRI ik
P Al 5 T2 PR TR i

AR S A A AR AED) I P E R AR AR AE
LA & e 5 R HEAT: dy, I LA Ao 9817 s o 3
AN R S BEAN R J3E AR TR it i o R
HERERN S5 XRE AT fh 42 0 S JF BEAT R P A
AR RE , SR P22 ] 46 R HEARE il 25 23 P R EL X
Mn Koo &S5RI 260 M BAT 1 ARG, SE8 T
AU s R R T

1 SEEssy
1.1 [YZSF2eE

Axios mAX B K B0 X 2R 5 o 1% A
(f 22 MR A F]) ;iCAP6300 U i JakE A 25 85 T4
RS (32 E ThermoFisher 24 H]) .

PM400 #Y - 558 BF B A (75 [ 3K 5 A A )
ZHY401B/601B %I J& - #L ( Jb 5t A A Al B &
ABRTTEAT) s FD - 1A =50 BB VR TR AL (L5t
TR S IR A B2 7)) s MARSG AU A3 T8 A 4Y
(FEEELAH]) s VORTEX3 Y30 41 177 i (£ [ 3L
+) ;SHA - BA BUK IR E IR IR &% (&1 2 RAL
F il A PR A .

P AT XS 26 5 S 6 3 S0 o % A 4n F
PEHMn ) Koo 26 R4 B2k, S8 HLE hy 60KV, D648
HL 3o 60mA |, 3% F 300 um 9 UE L4 \LiF200 735 i
PRAN A IRIES 155 VAT SLE Y 20 £ 000k
62.9934° [1.4174°, ik vl =y B 43 B 4 19 0 o 5 B A
13% ~68% ")

1.2 brifEiai - 2045

ERAMEIS IR (A TR 1% G518 , A= S IR AR A5
BRIERFIE T AE ) o

R (43 Hr 2l ), iR (k) , $hme (%
afi) AR (el ) , VKESTR (fRgsl) o
1.3 SEusJ5ik
1.3.1 X A0tk

AR A R HCTT B 38 N E K —Hbr

— 778 —

HE W) it ( GBW07302a, GBW07307a, GBW07308a
GBW07309, GBWO07311, GBWO07312, GBW07318,
GBWO07358 ~ GBWO07361, GBW07364 . GBW07366 .
GBW07404 ~ GBW07408 , GBW07423 ~ GBW07430 .
GBW07446 ~ GBWO07457 ) @t 7 TAERN 4R, 46 1) 7
J N 218 ~2490mg/ kg,

HRE BEA B bR ) o R 2 Y e U 2 4
(1) AR UEY) BT GBWOT407 47 o LA il £ 4 1
FE IR IR PR ED T — S g ST TR 2. AHERE
i AR SRR AT < MERR AR & 5. 0000g + bR 1E)
T3] S0mL B30 v, BRI 10 o B0 8 R A 1Y
ST, T AR L 1) T B b v A V3 i
UiER 3Rz i 18 50 (AR A & /0, W A b &
SR AT ORAE S AT 58 IR0 o AR BB/
IRA U R 2h J5 B IV AR T AR VR T 1
LT - 50°CHEAT B 25 T4 72h, B 2508 AR
(1) JE JOT S TR 2 A5 LT (TS P 25 AN
0.5% ). FAWFERNS T 15 A FE BB 20min J5 4o
200 H i, o 0 5 i b A BB TR S A, A3
WIS fNA Smg 6. S5mg 7. Smg . 8mg  10mg [ 4 b 1
VWO BB R B s 2o A 0 3] o 8 U i
2780mg/kg . 3080mg/kg. 3280mg/kg. 3380mg/kg.
3780mg/ kg HYRCIERE i o

FE A28« SEBRAE i 28 - ST R A T B 5 2o 200
Hifi, T 105 CHET 95 1, BRI S 245 (AT 4g) 1)
TE AR T R HLE, B BR B R IS, 7E 40t JE )
TR 30s, He il B EAR SN 32mm (8] |, 4 AR
BRI YR ORAE, AE EALAMHT
1.3.2  HBGR G S5 B IR RO EE

(1) HocR BmaHrik

MR T ERMPIRRY) 48 T &= S I R Tl
P AR (HI 832—2017) LA Kz AH 56 1 SC ik, SR B
DURHG AL B J7 5 BRI 0. Tg ZE 5 AR dh (K 1 &2
0.0001g) & T THfifdte v, 1208 25 B Kk 5 ARk
HIA 6mL R 3mL Fh[ER 2ml ZHER , A & FH
SR FE AR 21 Ja TR T A ASC s ¥ 36 o 1 A
FUPHM(REREBRTABER:E—2LH
120°C , FFEL A E] 7min, 45435 3min; 55 — 45k 160°C ,
FHEEF ] Smin, fREF 3min; 55 =254 190°C , FHR AT
1] Swin, PRAF 25min ) , #5958 43, W03 iR
WIS A R E R, AN O AT IR R 551, 2R
S P T e TR A, T 150°C i 1 EEPR 2B N
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FYHE T R B EIR)G , B 1% (RS IR vh Uk
TH R e PN BE TRV A N V), SR TS R M 7 22 S0mL
Au, 1% MR E R RZE; £ 0. 45um
BB U5 ICP - OES g A",

(2) HICER S RAE RS M 7

YERIFREL 0. 5000g ££ 5, A 20mL 0. 11mol/L
Pt BRI WK, JF7E22 £ SC TR R 16 h, SR )5 LA
3000r/min & 0> 43 B 10min, F {5 4 0. 45um
ERE BRI, A ICP — OES {52 $2 B Hh i 5
FFAMFERL AT AE 2 202

2 giRkS5ihe
2.1 THEIE

AP R AR S T RSO .
MM EE Mn Koo 94k, ik & T4 2 0
Cr KB, 4f Mn Ko 3 BT BRI 0 %05 P T
A RER BT L 200 H 57 37 85 16 7 9 - HLF )
FTE AT A S WA UL FEE R X 5 P A5 o g i
PRTHE 2 . TR IE 32 5 3 5 5 86 A 1F vk (i
P RR I BRER M) FIRCA B IE I (G o BRBL
G R R0E) AT ER T
2.2 FERMIIEIAITE

SERRE R TR L 3 R R — R, T
TE AR T W0 45 R YR S R 2 S0 P o ARG
R Sh AR 457 1 , PR YRR AT R 4 3 A
DABGHIE G AP o S22 JF 382 T A A o R 5 4 3
ANFATRER T2 MR B LA — 30, Min -9 AH b o i 2

F 1 Bk PR AR PRI S, A S 5
Table 1

TN 0.49% ~2.85% ,Mn [ T4 M CaO |
Fe,0,.Si0, \Ti [y il &2 HJ 780—2015 47k rh
] A TR T S0 A 2 0 SR, mT AR IR &
BIop RATF 456 SEgm 2ok,
2.3 RORRMETE I AT bR M R G 5

SHAFFE SEATRETE VR I A 38 S D0 (1) 5%
M), 3 0 00 S AR ot o 1 IR AP B S R 26 £
FH 3R 1AT UL, 55 2 B2 U 25 109 20 B 45 SR 3R WA i
FRFRUES O AR m, 555 R EEBCS 34 N m,
B4 0.99 ~1.05 HIMERPPATHE R4, 3 BIARifE
VWO A2 4985 322 DL 55 PR P2 OGS (AT A8 4 2 A
BRERERSE A 25) IR AFAE | [a) i do A i )2
W B AR HEAE B X S Ve R AT SR PR IS 1Y H
& JE I M SR o, B B0 ) AR WA SO RN B, SR T
XRF LLUJE 1 N J2 i R B 58 6 G2 000 7 JT 38 114
I, PR rh g R 4 USRS 7 (9 4 2 A2 Ak

N ALk ESioN e

MERE b Mn Koo WIS (1) 260 05 45 1
62.9920° ~ 62. 9926°, [t 1 1 b7 i 4 i GBW07407
(1260 fAiE 25518 0.0024° ~0.0030°, 4 SCHER
i, Mn RFIEREZE 260 M BNV EL SE TR
SEMAE —EMRFR, H KB 4t i o il
SO FESEERIN R rp B [ 26 R 4 P A
(1) 260 FAWAFTERNZE M o SR, AR SORAT -3 F1iT
P Mo S BESE, Mn 19 20 A ERTEE A
61.9632° ~64.4832°,20 ff NG/ MFE A X TT
R VAN E 3 A

Analytical results of acid extraction and spectrogram parameters of Mn in calibration samples

FHERE A Mn

SRR FATIER 0. Sg AR PERMIRIEHGE 0. 5g AR AR AR

. e o s o

TS S MRS - G 11 0 AEXT g 22 ErE B INE AR RGBS my/my,  20(°)
/9

(mg/kg) (mg/L) (%) my (mg) m;, (mg)

1 8.78

GBW07407 1780 0.17 / / / 62.9950
2 8.81

o 1 34.5

FemERER: 1 2780 1.29 0.523 0.50 1.05  62.9922
2 35.4
1 41.8

FeERE R 2 3080 0.71 0. 666 0.65 .02 62.9922
2 42.4
1 48.3

FeeRER 3 3280 1.58 0.774 0.75 1.3 62.9926
2 46.8
1 51.0

FefERE R, 4 3380 2.10 0.822 0.80 1.3 62.9920
2 48.9
1 60.4

KRR, 5 3780 , 5o 3.87 0.988 1.00 0.99  62.9920
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il g
Y 2000 4

2.4 X BRSO D 2

TECARALR LB 2500 T, LA B R IAR 5 1
43 ANRGERE S, B FRNCR B B SO 2
R TAEM R, TAEMKEMEMERIE T /RN y =
0.00199x —0. 00206 , ZHfE RMS =0. 00513 , I &+ )
L BRYEE H 2490mg/kg 34N A 3780mg/ kg, Sk 1 i
— A HERE S 5 3T TAEZ T T4 8
TREREAE: it P VAR JEE RTOXT I P 2 S B 43 s v i A 2
ST Ry =0.021x +37. 674 ,R =0.9991 , 524
SR RWIBMERE b AR BN A RS X 20
5 R IR R AR
2.5 SPrnikivEe
2.5.1 JiikEmE

Shy B UE 7 3 W A B, R AR SO ST 14 7 2 0
AL B 1 SRR AR HE ) I, I AT 5 I L
X RIS BRAE S bR [T o BT S 0 . 6 2 g SRR fif
P00 + S RDTRR bR Y T 25 R S e E
FHFF o 5340 XRF il ICP — OES 1 B J7 25 A A i I
FE LA AR X w25 /N T 5. 7%, B RAF I — 3K
PRS2 AN O [ B0 S B o SRR S 2
L3195 T A0 BRIEA T AR S 36, A it 19 TS 2R R
97.8% ~108.3% , HLIRLE R ILF 3, FikHras i
IO AR T 1 () v M R A

262 bRUEPIRRAT i LR RIS R
Table 2 Analytical results of certified reference materials and

methods comparison

bR A E B A E AR ZE
EERes (mg/kg) (mg/kg) (%)
GBWO07375 309 322+ 14 -4.0
GBWO07377 517 519 +18 -0.4
GBW07385 767 760 = 16 0.9
GBW07387 892 907 £15 -1.7
GBWO07384 1386 1440 +70 -3.8
GBW07311 2473 2490 + 84 0.7
FBRREAL LA R XRF ME( B ICP-OES  MHXIHk2:
EERes (mg/kg) E B (mg/kg) (%)
RS, 4 2834 2619 3.9
RESL S 3585 3274 4.5
RESL 6 3000 2678 5.7
RESL T 2679 2722 0.8
PESL 8 3064 3169 1.7
RESL O 3606 3306 4.3
BES 10 3580 3792 2.9
RESL 11 2657 2459 3.9
RESL 12 2692 2582 2.1

— 780 —

23 FhRRE bR R A

Table 3 Analytical results of spiked recovery test for real samples

-z A B r\ il S
N B o PRHERR il EL e
SchRke L REmERRERE bR T T R
L DUEE (i3 i
'y (8) (mL) (%)
(mg/kg) (mg/L) (mg/kg)
RERT 525 5.0000 500 5.00 1028 100.6
REF2 915 5.0000 500 10.00 1893 97.8
BERH3 1509 5.0000 500 15.00 3134 108.3

2.5.2 JiiEAREIE

3 IR 5 H e JEE 73 A1 AN [R] B ST Bk e AR
WEN TG S 5 I AT I E 7 IR, FF 5 AR
SE R AR AR ifE (i 22 (RSD)  SE 45 R AR 4. 9 4>
AR BE (A Al I 5E 1) RSD 2/ T 0. 4% , R WIA
J7 i HORGH BE RLA o

4 REEERER
Table 4  Analytical results of the precision test

B B 7 Rl E (H RSD

(mg/kg) (%)
SEPREEST 4 2823 2832 2837 2832 2834 2842 2838 0.2
SEPREEST S 3578 3587 3581 3584 3585 3593 3590 0.1
SEPREEST 6 2992 3007 3006 2998 2999 3000 2999 0.2
SCPRAESR 7 2672 2681 2683 2683 2669 2682 2682 0.2
SEPREEST 8 3053 3064 3066 3068 3065 3071 3067 0.2
SEPREEST 9 3603 3603 3612 3601 3607 3606 3609 0.1
GBWO07375 310 310 310 310 308 307 310 0.4
GBWO07385 765 765 770 768 769 765 767 0.3
GBWO07384 1388 1386 1386 1384 1388 1383 1388 0.1

3 4iik

A T A TR A SR E ) R I AR A
VAR 5 S e TR BE AR A R T 3 3R R XRE 2
IEANTURRY R I A B RR R T TR
TG o S R 2 W25V AR R 85 T
R4f, JF H XRF #1 ICP — OES B J7 ¥k HoX) Y 45
HA RAFA—tE . ATrik@E i T ARy +
e o R I E , B ERR TR S A DA
o3 AT TAEE BT XRE P 73 B - S ML
Hoptrs i e Jm R PRI TR

RSO ST 1 SEAE A A R, B — 22U 4
e 2 QTR AT AN [ o 5 1) S i
A3 07 B YRR R, JF 38 i DI A M5 A ot ) A
Jr Rt — PR I L T R . 38k, WK %5
TR LT 2 AT ZR AN )R At S 8 ([ A )%
W), HETI S BRG A [] 28 YA by vpr 22 b g 35 T
2R [A)
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Determination of Manganese Content in Soils and Sediments by X - ray
Fluorescence Spectrometry

CHEN Chun — fei' , HONG Xin', WANG Xiao — fei*, SU Rong', LIANG Xiao —xi', HE Yu',
LU Qiu', TIAN Yan'
(1. Guangxi Zhuang Autonomous Region Ecological and Environmental Monitoring Centre, Nanning 530028,
China;
2. School of Environmental Science and Engineering, Hubei Polytechnic University, Huangshi 435003, China)

HIGHLIGHTS

(1) Standard solution was added to the soil reference materials to prepare higher concentration of manganese
calibration samples.

(2) The calibration sample prepared by adding manganese standard solution had good uniformity and little matrix
change.

(3) This method was suitable for the determination of high content manganese in soils or sediments.
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ABSTRACT

BACKGROUND: Due to the advantages of simple sample preparation, non — destructive determination, and rapid
detection, the X — ray fluorescence spectrometry technique has become a robust method for determination of
manganese in soil or sediment. Manganese in soil and sediment standard material has the maximum content of
2490mg/kg, thus the traditional X — ray fluorescence spectrometry (XRF') can easily suffer from the drawbacks of
standard curve measurement range due to the limited manganese content in standard soil or sediment samples.
OBJECTIVES: To develop a good method for the determination of manganese in polluted soil or sediment.
METHODS; To address this major concern, manganese solutions were added to the commercially available soil
standards in a quantitative manner to give a series of new soil standards with higher manganese content. The content
of manganese can be determined by X —ray fluorescence spectrometry.

RESULTS: The establishment of a novel standard curve by taking advantage of these new soil standards could
significantly promote the upper limit of manganese measurement from 2490mg/kg to 3780mg/kg. The analytical
results of manganese were consistent with the reference value and a recovery of 97.8% —108.3% . The results of
high — manganese samples were consistent with the values acquired by inductively coupled plasma — optical emission
spectrometry, with the relative deviation less than 5. 7% and the relative standard deviation lower than 0. 4%
(n=7).

CONCLUSIONS: Results show good accuracy and precision in the determination of high — manganese soils and

sediments.

KEY WORDS: X - ray fluorescence spectrometry; spiked recovery test; manganese; soil; sediment
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