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1.1 EENBRIEEH

Epsilon3 fig i (4 H X §F 2 9O (far 22 M BHA R s ZHY-401P B AEAL (A6 50 A A Bk B &
AHIRTAEAFD s ICAP6300 4= i B 152 H M A 45 3 1 1K & 0 )6 3% 4 (32 [H Thermofisher Scientific 2% 7)) ;
X-Series 2 HLEFE A 4 B A T 324Y (32 E Thermofisher Scientific 225 ;721 B4 E6E H (EIFE TSR ) .

A S5 i A #S Sy /N RAL & ACRE B (T X RO A . (AR TE B i o 28 4 J B 2 o X G 2k
(50 pm)  HR KRB HLE 50 KV B R 1 mA L, @ 2R 9 Wi 70 3R ek E AL 50 2% (SDD) , Hi /9t
FANT 135 eV i AR =800 keps, i 3 50E =200 keps; Al B g bE i S s, — KR Z Al 2540 10 4
HE R 27.0~51.5 mm MEE A A K Epsilon Benchtop Software /5 2% % Ge AL B E 414,

T TP [ i S 0t 0 T DUAR AL a2 B 0 R B 3 BUR ARSI R, 40 Si022h 31,6026 ~62.72% ,CaO Ny
1.71%~22.60 % , i 5 o0 28 [A] A9 B i A0 B 22 AR K (101 ~10° pg o g DI Sy 1 vER I 7 PR DT
YRR b 25 OO0 W i, 20 7E ST AR o 2R iR T B 2 A AR B, W B AR 4 Epsilon3 AR
T R B4 LAY 10 e BT 25 OT R WK Wil 4k 8 S0 8 T IR 2 Aot B 55 A5 19 45 4 43 o
FUEWE 1,

ICP-OES:RF T# 1 150 W, X & B 13 mm, 254 i 1.0 L » min ' AR E 0.5 L » min ', %
AU 12 L » min 'L W& 1.0 mL » min ', KIERSEFE] 10 s, 25 A0SR ) 200 kPa, 5 i B2 45 B i)
15 s,

ICP-MS:RF P 1 150 W, RHHE 13 mm, Z A 0.80 L » min™ ' B 0.78 L « min ™',
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BHIA W 13.5 L e min 'LIEWE 1.0 mL » min “EEEE 10 ms, 24 )E S 107 kPa, FHAETE] 15 s,

R XHFRTRBUHMNESH

Table 1 Measurement conditions of X-ray fluorescence spectrometer

P mﬁ FAF HL R HL U —_— 4 #ﬁm s RS

i EZiS /kV /pA M it E] /s
Si0z, Al, O3, MgO, Na;O Ka F-Si 5 530 ¥ AR & 5T B
Ca0, K,0, TiO;, V Ka Clv 12 500 Al-50 =R IEH
Fe; O3, MnO, Cr Ka Cr-Co 20 400 Al-200 it EH
P, Os Ka P-S 9 390 Ti AR 1o 43 P

Sr, Zn, Zr, Ni, Cu, Ga, Rb, Y, Nb Ka Ni-Nb 50 160 Ag 5 EH 300
Ba, La, Ce La Cl-v 12 500 Al-50 ot EH
Nd La Cr-Co 20 400 Al-200 =R Ew
Th, U La Ni-Nb 50 160 Ag =5 EH
Pb Ly Ni-Nb 50 160 Ag =5 EH

1.2 REFMIIERE

W R R F A SR A MEARE i 1 55 5 43 A R i B AR DL A 28 Y L RIAE S5 48 L ) A kR B Ak 2E 2H R
B, 1T ELAS A S v 45 o0 R N LA R 8 T Y A PR RN E Y A R T, B 31 A AR Y T
UK & U0 B ¥ 5 ¥ GBWO07301 ~ GBW07312, GBW07317 ~ GBW07318, GBW07301a ~ GBW07305a,
GBWO07308a, #31 = /1 YT AW bR B GBWO07343~GBWO07345 , T i 1 PR TR AR BE GBWO7314 , R 1 T 1
YkrkE GBW07315~GBWO07316 , B IV DU Y bR B GBWO07333, B 1 M VR LB AR A GBWO07334, 7
DU bR RE GBWO07336, 8 3EE S AREE GBWO7101, SRR 8 & A AR EE GBWOT7131) Fl 2 4~ il £ K ik 11 4 o
Rl AR T U T 2 AR S MESS-3 ., s TR it o 2 FUE ILB AR M PACS-2) 2831 33 ANFE A
X ERRAEY) I AR 6 T IR DU A5 A4 B S L

1.3 LI H*E

1.3.1 # R # & X &%

FRECREA2<<200 B (75 pm) [ 4.0 g FRuEY i, 105 CHET, il AR EL i $ 7, FH A9 BR B8 10 258 L 76 30 t R
HF L ERI AR 32 mm, BEHAME 40 mm BY BB FE Fr L 55 0 O R OB, TR S, iR B i
CLH R SIO, & B & WU D RN/ VR QIR EE 45 B RE B R 6, B8R 82K, i85 %
JR 5 SEZ) BT TR N R SR G0 R RN VS G L X AR VR K A A A SR B N U N B AR UE AT RE A
B S ) — S0P L bR 5 AR [ B [ 11 20 1 AS [R] 288 Y S DT AR A R SR P A [R) D vk R
1.3.2 BABOFETHRLEEFLRBEGF B TIRAE %

FREUHE T RE S 0.050 0 ¢ B F PTFE @R A 1.5 mL R A 1.5 mL SR . & THEAE N 190 C
AT 48 h, WEIGZET . HKINA 1 mL fEER 78 T (LABR 23R AR &SR . AR5 A 3 mL (KB 50h
50 % HIRH IR A 0.5 mL 1.0 pg/mL BENFRIE . T 150 CIM#GAE 8 h. W HJE FIRBU BN 20 1 i IR %
WERZZ )4,

A ICP-OES Ml & Al O, .Ca0O,Fe, O, ,K, 0, MgO,MnO,Na, O, P, 0, , TiO,,Ba,Sr, V. Zn fl Zr 3£ 14
Fl F i C K L ] ICP-MS il % Cr, Ni, Cu, Ga,Rb, Y,Nb, La, Ce, Nd, Pb, Th 1 U 3t 13 F fi & f s +
L&,
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1.3.3 Z®&

FREUEE §h 0.500 0 g BT 150 mL BEFRH A 15 mL $h/2 .5 mL fifFR A1 5 mL & &M . NI & B 5 &R
WM 10~15 min, #5728 BERERAR  BCT A 31, 0 20 mL KA1 5 mL 3082, In#& il 3~5 min , BUF 23U
rh UE R US4 IR T UK SR DTTE 8~10 R, A UTTE & RIUE AU A St b, & TR K5 5 1 000 C
o B 1 b IEAR R, AR KN, N 10 mL BB A 1 mL @R, TYBy FiniE K E
SO S R AN S BN 10 mL B A1 3mL fifER , 7E VPV B oI E E IS LA 1 000 °C B g b gy
B 30 min, IR EEE,ITE SIO, F &,

1.4 BEEYEMELXEETMRE

Xt AR il T R S AR R R SO AT ) RN R JC ER A T Y R ZE R .l AR AR ME R L B AR AT D
R 3 UKL T 20 AEL ER T A AR i v 2 T R S R AR O AR RO A L TR Tk
M EIRZAPREE R A Epsilon3 BPF 9 25 45 80w B 1E 22 Sl 22 50 0103, () iSRS R ith 2k A9 10 L R %6
SRR IE R BRI S 2 B T U IE AR B ST R T B A R 2 FE A TR

1.5 FrAEMZ

Epsilon3 A+ (AL XRF 35 C7E 61 € % 1 20 rbn vfi th 2, i dl B0 R 20 KD 7 39 07 i 22 RMS Al

A & B B AR 2947 K RMS (BB A5G 28 B0 2 WY T 030485 o of (B 400 5 B o 3 4 93

S8 BLAR RN AL T E L MRS AR 2 (] D . SR RIS 4 5 K (/N T 0.221 3,

RMS {5 <70.065 8, R 240 3= b 70 3 A v il 42 9 R 5 R 80 R = 0,99, LR AH SC PR, BEAR 4 9 39 2 A &k

MR 2R, M SR 2= TR AN+ o0 %) & 2=, EDXRE X H I 5 19 52 8508 A BR  AE AR S i A 4% 3L
3 Hr s 2R T B R N LR S i EOK
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Fig.1 Standard curves of SiO,, MnO, Ni, Zn, Y and Nd in calibration samples
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A om B E R THECR T, AT SR RO Ty W B 75 557 1 5 0 o k[

AR B (Y 2% 2 73046 Hh BR A5 552 Pl o 1) 285 SR AT R X5 i RO I MR 2 i A SRR A R &
YA SR AN ) ity DR G20 70 0 5 A ] B B 79 S 50 88 20 W7 0 3R 19 RO R 2 e A A8 A P TRTRE i oh 2%
JLER ARG HH BR AN [ 5 DT S5 B0 3 (B A 52 B I A W 220010 . O 1 g i o e o 30 o e A28 7 AT i 2
A IE B e G R AR B IR 6 > T TG BR Y TR AR R L A5 A — R AR 1RO AR A
HA AR 10 AR IR BEAT ST T 6 AR e R A D0 ER TR D A A v O 22 o K HLAE SR DL 3 B
ATPER R IR . R BRI IE T XOBA A B R & 9 T4, M IE 1 SR R0 5952 8 45 L BOH 30 1R K
BRSBTS . A SRR AR M AG T R AR TR (A A T R

R2 FEMBBHR

Table 2 Detection limits of the energy dispersive X-ray fluorescence spectrometry

a4 AR A 1 B L E P AR A B A PN AV R FEAE
/Cugeg ) /(ugeg D) [(pgog ) J(ugeg™ D /Cpgog ) /(ugg b

SiO; 124.14 1 000 Ba 31.49 10 Rb 0.33 3
Al Oy 91.87 500 Sr 0.72 ) Y 0.38 1
CaO 20.25 500 \ 1.55 ) Nb 0.43 2
Fe; O4 14.49 200 Zn 0.62 4 La 0.65 5
K, O 47.33 500 Zr 0.37 2 Ce 0.54 2
MgO 84.56 500 Cr 2.14 5 Nd 2.27

MnO 3.88 13 Ni 1.04 2 Pb 1.59 2
Naz O 93.59 1 000 Cu 0.59 1 Th 0.36 2
P, 05 9.34 23 Ga 0.34 2 U 0.06

TiO, 10.08 17

T 25 FAR R TR

22 FAERERE

—ANFE i 22 UK RE A 22 Y R 114 5 SR AR M R T 0 BT T R 4 AT AT I DA B o R s R ) T A ] 4
VEPE ., RABREF B K ZTTR Y brEE GBWO07309 H 42 HI 4 10 MREF #6861 BP0 & x5 10 MRE A
PEAT I ARG FRR R i 1 R S I 12 K AT A A R AT G s R LR 3. p 3 b A g T
AL, ER TR A RSD e KAEAL K 2.67 %, fliE TG R A9 RSD {E AT 0.81% ~8.69 % » & B AN #% Fl 77 i
LA b (ARG 5 L B8 Tl S PR RE S (R A BT R

3 BTERR

Table 3 Precision tests of the energy dispersive X-ray fluorescence spectrometry

W& Ry Ir NG A G 2 TG
H4 @ o
A RSD/ % T RSD/ % T RSD/ % T RSD/ %

SiO; 64.21% 1.11 64.37% 0.80 Zr 361.98 pg e g ! 3.72 362.60 pg e g ! 3.19
Al O 10.90% 1.08 10.91% 1.00 Cr 7757 pgeg ! 8.55 78.82 pg e g ! 8.69

Ca0O 5.36 % 0.90 5.37% 0.74 Ni 31.77 pg e g ! 2.67 32.31 pge g ! 2.04
Fe; O3 4.74% 0.74 4.75% 0.70 Cu 32.36 pg e+ g ! 1.50 32.55 pg e g ! 1.34
K. O 2.00% 0.76 2.00% 0.66 Ga 13.81 pg = g ! 5.19 13.53 pg = g ! 4.82
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AL E R % B J7 VR % B A % B J5 N % B
i 4 o
T H RSD/ % FHME RSD/ % - B {E RSD/ % - B {E RSD/ %
MgO 2.39% 0.84 2.39% 0.93 Rb 81.18 pg =g ! 0.97 81.24 pg e g ! 1.00
MnO 0.08% 0.72 0.08% 0.64 Y 27.01 pgeg ! 2.56 27.05 pg + g~ ! 1.70
Na; O 1.31% 0.90 1.31% 0.77 Nb 16.74 pg = g ! 4.22 17.02 pg = g ! 2.81
P, 0; 0.15% 2.67 0.16% 1.94 La 37.05 pg+ g ! 1.23 37.22 pg e g ! 1.07
TiO, 0.87% 1.75 0.88% 1.81 Ce 77.65 pg g ! 1.17 78.01 pg - g ! 0.91
Ba 494,44 pg+ g7 3.17 490.40 pg + g~ ! 2.06 Nd 29.00 pg + g~ 4.99 29.63 pg+ g~ 5.63
Sr 171.83 pg+ g ! 0.81 172.36 pg+ g~ ! 0.97 Pb 20.72 pg+ g ! 2.55 20.59 pg e g ! 3.66
A% 95.96 pg+ g ! 1.90 95.81 pg+ g ! 1.92 Th 11.03 pg = g ! 3.80 11.15 pg = g ! 2.19
Zn 75.12 pg e g~ ! 1.18 75.02 pg e+ g ! 0.89 U 1.56 pg =g ! 6.77 1.59 pg =g ! 4.62

23 FEEHE

A SCHE ST B 5 3% 8 AS S0 8103 /4 36 RS DR ) W43 20 M b ME ) B GBW 07313 (GSMS-1) i 7 T
FU LA o3 bR ) B GBWO7335 My AR TR AR 4036 1 SRk ATiil o, 4500 (36 ) I e I i S5 45
VAR Y BBl 3 AR — 20, U0 BH 3% I v, T DA R VR AR DO RR ) B R T R AL AR E EEOR
4 ERFEWEHNE

Table 4 Determination of Chinese national standard materials

GBW07313 GBW07335 GBW07313 GBW07335
Hoo Moo
i ik i Ak b Rk i A
Si02/ % 53.86£0.06 56.2240.15 59.6+£0.2 58.44£0.04 || Zr/(pg-g 1) 177+10 178.51£0.44 184424 195.27£0.37
Al; O3/ % 13.7540.09 13.3140.04 13.1+0.2 13.5240.02 Cr/pge+g ! 58.4£1.3 57.91£1.39 7810 74.04£0.70
CaO/ % 1.71£0.03 1.6840.01 4.8+0.2 5.17£0.02 Ni/(pgg b 1504 150.5640.92 3645 34.1540.77
Fe2 03/ % 6.58+0.07 6.49+0.02 5.3940.01 |[Cu/(pgg 1) 42418 411.62+1.29 18+4 17.6740.58
K20/% 2.95+0.05 2.91£0.02 2.7140.06 2.74£0.01 |[Ga/(pg+g 1) 23.7£1.7 18.16£0.40 162 17.7040.27
MgO/ % 3.38+£0.05 3.12+0.02 2.51£0.09 2.59+0.01 |[Rb/(pg+g 1 97.3£2.6 96.49+0.27 118+3 121.860.34
MnO/ % 0.4340.01 0.4240.01 0.0734£0.005  0.073£0.001 || Y/(pg+g D 104=£5 108.424£0.37 25+2 25.70£0.23
Naz O/ % 4.81£0.05 2.90£0.01 2.3+0.2 2.10£0.02 Nb/(pg+ g™ D 15.1 16.57+£0.26 13.7+0.8 16.0640.17
P20s5/% 0.4540.01 0.4140.01 0.12£0.01 0.14+0.01 La/(pg+g 1 67.84+2.9 63.56 0.57 38+2 38.1540.48
TiO2/ % 0.6740.01 0.7140.01 0.7240.03 0.7040.01 [ Ce/(pg+ g™ 928 78.87+0.30 7844 66.77+£0.19
Ba/(pg+ g~ 1) 4400£20 4 474.19%10.73 39619 349.704+14.60 || Nd/pg+ g~ ! 91.8£3.9 84.24+4.24 32.6£2.3 29.87£1.12
Sr/(pg g 267+15 243.89£0.49 193+38 202.36£0.47 || Pb/pge«g ! 29.3£1.1 29.7240.81 2544 24.44£0.99
V/(pg+g D 11245 108.04+£2.53 9549 94.45+2.20 Th/pg+ g ! 13.94+1.1 14.1840.30 13.6+0.6 13.3040.22
Zn/(pgg b 1603 154.58£0.99 79+8 84.90£0.72 U/pgeg ! 1.984£0.47 2.88£0.10 2.710.4 2.54£0.09

28 RN RO
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Table 5 Details of sediment sampling in
four sea areas of China
FEOBX RS WRYER g F 4 B  Z/m ZFm
1 BH1 w 119°24'E  37°53'N  17.0 50
2 BH2 WMEFREY  119°42'E 37°12'N 5.5 100
3 B BH3  WEM®  119°24'E 37°19'N 9.1 950
4 BH4 B 119°20'E  37°43'N 6.8 500
5 BH5  MifbBifi+ 118°15'E 38°15'N 17.4 750
6 HH1 b 121°22'E 32°35'N 9.2 1000
7 HH2 MEPFREY  121°48'E 32°43'N 15 1950
8 HH3  ®HEKE  121°45'E 32°29'N 18.6 B 500
9 i HH4 b 120°50'E  33°38'N 16.6 K. 00
10 HH5 Kit+F#es 120°56'E  33°59'N 18 e KGO
11 HH6  ¥abFikit  123°32'E 33°26'N 62 s 000
12 HH7 Ht 122°22'E 36°06'N 47 1
13 DH1 W 121°06'E  27°10'N 40 3 500
14 DH2 MR 119°58'E 26°29'N 25.3 4 000
15 DH3  BFEBE  120°20'E  26°02'N 50.53 4500
16 7 DH4 B 121°33'E 27°54'N 24.6 5000
17 DH5 Fi+FE#MEs 12047'E 27°16'N 21.3 5500
18 DH6  #wbfikE+  122°45'E 30°30'N 54 6 000
19 DH7 Fit 122°37'E 30°34'N 16 6 500
20 NH1 w 111°58'E 21°03'N 45 201100 115 12% -
21 NH2 BEPFRY  110°51'E 20°03'N 11
22 TEME  NH3  EEME  110°46'E 20°44'N 13 Bl 2 o P K XL AR A BORE 3 7
23 NH14 W 111°37'E  20°58'N  42.5 Fig.2 Sketch map for sediment sampling in
24 NH5  #tFEgE 111°26'E 20°46'N 48

four sea areas of China

NGB TR F TR WAL RN 6 fin. 3 6 Al IL,50 m URA&iE R 2T 3 &t
JCE L SIO, 1 AL O, 2k £ e R AT 35 76.28 %6 (R Mg UL AR YD) Al 16.74 %0 (ARG TURR W) » 3 WA UTAR 4 LA &k iR
IEFNREAR AR SR M F . B LS00 w0 H R B A 2 SiO,  EDXRF 5 2 A% 22 (RD) e K{EH R 10.71% .
B/MEIC R 0.13% . EDXRF XF TR EE & o AL O, B E (65 ICP-OES I 5 Xl A &b — 2tk . 2
Tk RDAEFEEAM T 102, CaO,TFe, Oy (A28) - 34 5T 2 43 %053 04 5.26 26 ,4.84 %6, RD fH 4+ T 0.09%
~13.82%, Tl K;O,MgO,Na, O % F 1 JU K (1 °F 35 07 1 43 08 A AR 242 35, F 306 43 5y 2.53%6,2.19%
F12.06 % . K, O L ALHE W & 8 5 . RD {3 A<5% . {1 Na. Mg J& TR FICE . H il EDXRF 3% 84
BIOCEMIHEBE S A% 2 FrtE e KA. TiO, P, O5 \MnO B8 B e ik (<X1 %) HOF 3948 43 31k 0.64 %,
0.13% i1 0.08% , EDXRF X5k 45 5 4 [ 47, (E R A% ARG 7% 6 41 40 0 8 AP AE — 12 25

I A o 36 TG R VA X B R A0 B I AR A B (BHA L, HHA4 , DHA4 1 NH) #EA7 i e 200K L 25 5L n i 3 57
R ANEITCER B F &AL K, Ba, Zr, St Ml Rb 9 & B, P34 & &40 o 496.20,267.47,258.63 Al
108.35 pg + g ' Bk Ba JUE RD HIg & 5k, Zr, Sr Ml Rb JTHE A RD AWML T 100, HAbMEITE V, Zn,
Cr,Ni,Pb,Cu,Ga,Nb, Th I +7C%&K La,Ce,Nd,Y & & W 4L F R — B EFER N FHEFEN T 10~
90 pg+ g ' XUEEITER RD AT 0.02%~19.01% . #i -0 £ H B Nd JCZE RD & KM N 27.08 % I
fm4h.La,Ce MY 9 RD FHMEN 9.66% . U TR FEEM(CI0 pg e ¢ ) ML 2 T8 EDXRF | &
A — IR,
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Determination of Twenty-eight Elements in Marine Clastic Sediment
Samples by Energy Dispersive X-ray Fluorescence Spectrometry

WANG Hong-min'??, ZHANG Ying'*?*, XU Lei', LIN Xue-hui*, GAQO Jing-jing"**,
ZHU Ai-mei"??, WANG Sai"'??, LIU Ji-hua''??
(1. First Institute of Oceanography . MNR, Qingdao 266061, China;

2. Key Laboratory of Marine Sedimentology and Environmental Geology » MNR » Qingdao 266061, China;
3. Laboratory for Marine Geology » Pilot National Laboratory for Marine Science and
Technology (Qingdao) . Qingdao 266237, Chinaj;

4. Qingdao Institute of Marine Geology » China Geological Survey . Qingdao 266071, China)

Abstract: The compositions of twenty-eight major, minor and trace elements in clastic sediments (in the
form of pressed powder pellet) of China marginal seas have been detected by using Epsilon3 energy disper-
sive X-ray fluorescence spectrometer ( EDXRF). Thirty-three domestic and foreign certified reference
materials including marine sediments, abyssal sediments, stream sediments, delta sediments and rock
standards were used to establish calibration curves. The matrix effects and overlapping effects of element
spectrum can be corrected by using the application software. National reference materials were selected for
the certification of the accuracy of the method, and the analytical results for these meterials were well
agreed with the certificate values. The detection limits for components is 0.02~124.14 pg « g ' and the
precision of the method is below 9% (RSD). The clastic sediments from China marginal seas were ana-
lyzed, and the analytical results of these sediments were consistent with the values obtained by using grav-
imetric method, inductively coupled plasma optical emission spectrometry (ICP-OES) and inductively cou-
pled plasma mass spectrometry (ICP-MS). Due to its small volume, rapid and multi-elemental measure-
ments, good precision and accuracy., Epsilon3 EDXRF can be considered to be a shipboard instrument de-
termining elements of marine sediments on site, which is vital to guide the work at sea and write the cruise
report in time.

Key words: energy dispersive X-ray fluorescence spectrometry; marginal sea sediments; pressed powder
pellet; shipboard instrument

Received: July 6, 2018





