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Table 1  Finished and on — going global — scale geochemical mapping projects in the world
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Table 2 Elements with consistent and unconsistent results by data comparability
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Table 4  Analytical method, the median and correlation between FOREGS and IGGE laboratory for Cd, Hg and W
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Fig. 1 Scatter diagrams of Cd, Hg and W data from FOREGS and IGGE laboratory!®’
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mg/kg
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2.74
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1.89
1.57
1.31
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091
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0.63
0.52

W(FOREGS)
mg/kg

P2 FOREGS Ml IGGE 5l as /3t Cd. Hg Al W HbER A2 Pl % b >

Fig.2 Comparison of geochemical maps of Cd, Hg and W from FOREGS and IGGE laboratory!**’
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T 18 R A 800 3% S — B0 B e AR A,
EGMON 340 % )2 # i 19 Hh 467 %k (32 pg/kg ) /& CGB
TR ZHE b AL 8 (18, 4pg/kg) 1Y 1.7 4%
(%5). WAitH% He B9 8dE A BA A e, CGB
FHRIEOE B 22K T EGMON 151, 1 5B R — 3%
10 5 5P 2 EGMON %] ik i BR K s, &
T Spe/kg MR R, BEW] He 194347 7 12
WAERE

M R THE FEEE X T LA H Cd 48Ty
PR RE , Cd JCRTEAN ) S 55 5 F W] — S5 4 =5[]
B 1S AR A e 2 — 300 (RO &R %1 0.96) s Hg
JCR B ZE (MK R %00.74) . Cd TR Hr4s
SR 1R B —B5OR R Ry 430 5 A R R s B O 5
Hg TR — B 2% R iR AR i Heg fE7E I 35 2%
5 A2 R AT R A TR RS H BRASTR]

4 XGRS HTIEEX
BEAUFREE (28 (LB 3 R BRMBR (27 e,

#5  EGMON Al CGB i-RiM Cd il Hg 43 B 1 25+ S8
Fig.5 Statistical parameters of Cd and Hg in EGMON and CGB projects

- o " iy 2 s woME KME THE gk 25% 75%
R aiorE - RHRC Sey BREI ke (k) (meke) (meke) SMETEC
EGMON VORI, 0. 02me/ke 100 F2(0~25cm)  0.02 3.06 0.15 0.12 0.09 0.16

cd (1995 4f) AAS 3 100 2 (100cm) 0.03 0.44 0.13 0.12 0.09 0.16
CGB PURRVARE 0. 0lmg/kg 100 #JZ(0~25cm) 0.02  45.98  0.26 0.14 0.1 0.2

(2010 4E)  ICP - MS 447 100 E(100cm) 0.02 21.2 0.17 0.11 0.08 0.16

— o o iz iy 2 s woME KRME THE g 25% 75%
R v R Ty BRERE ke (uke) (uke) (uke) B S
EGMON FIKERE, Spe/ke 100 FJ2(0~25cm) 5.0 9300 94 31 17 0.071

e (1995 4E)  CV — AFS 407 ° 100 )2 (100cm) 5.0 1680 70 32 17 67
° CGB FKERE, 0. 5pe/ke 100 FJZ(0~25em) 0.5 20201 68.8  26.5 13.4  56.5
(2010 4E)  CV — AFS 47 100 R (100cm) 0.5 60001 65.5 18.4 11.0  36.5
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SRRV AR AN AN A A5 Iy SE 0
AR FE(Si,) s AT AR — A o0 P 03 52 36 % i AL
BERBEATHA, FA TR 50 (1) 22 -

Sinv =5 - (Sfmpl +Slzab) (2)

AX(2) W ARALPR S Y SR A, R FOR
W, MR FRATRERS SRAE 15 22 F1 52 90 28 43 A 78 22 e 3|
“O I F 1Y R B AR A R S 0 A 2 R R
FEOHTEs R . S FRATRER) . BT LATEARR — B
R T]-FFRCHER T UL SRAE: , RE 5 25 1) H 3358 728 £ U B
T RIS 22 NS & ST AE 25 . FRBEARAL (S3,)
WK T RAEAL 2 (S,0) RSB S S HT AL 2 (S3,)
LB SL, > Sk + St ABESE R MK . X TR
WL AT B A AL i (RC,, ) AR T B PR L
w7 (RE,,,) MK s B FER 22 (RD,, ) Z A, Al
RC,,, >RE,,, + RD,, , A" BEHH AWML & % A4 1T 58
REA . I, 62508 SR AR DR 25 M S B = o AT R
ZERE R SR A TR 2 R i AR 5 ik
ER L RS RO LA R PR 5 R 1), R G R BT
YA B SN 2, VR X R 125 50
3T RITTVHE AN T i KPR BE M AR S 5 =
RZE, U R R B — BB , X S50 3 A B 1 4
PELKR,

(1) ARLRE/NT 10 H A9 A6 R b TG T5 B T3
KLJE/NT 200 H

ERRERAL S TR A 322 HAY S 2 BkER
S A A B A R , DR M DR 6] 2 St 1) b 3k
Pz BEHETHR A iR AR 2 /N T 2mm (25 F 10
FD o 3R R 3 AE 454 B KA AR, O 13k
8 —

PR — BB, SR | T Aol A BT
PEPEHT TSR BLE I LR A S R B2 /N T 2mm 53X —F
JFHE 5 E Br 1 3 2% 2 (International Union of Soil
Science ) 55 —_Jii [E] B + 5 4 2 UG - ORI R o)
FRUEA—Z, 61 S HLAP ( coarse sand, $i % 0.2 ~2.0
mm) 417> (fine sand, $7 2% 0. 02 ~ 0. 2mm )  # &5
(silt, 2% 0. 002 ~ 0. 02mm ) 1%k £ ( clay, k2%
<0.002mm) " BE L FAR KT IR , 78 BF A1 5Ty
oz [ 528 AT 10 Hf . o i ad 72 o2 A i 1 5
it .

fHHTETS Jem TR EE /N T 200 H (74pum) o
it i A S PR UETT 2R 20 BT o A e B R T 22—
TeiE g L, ARSI Ll R B R S 5 A
TS QAN LA MBI RE S L AT G o X TR
FEATRET | AT G, SE 0 = # LU B R, X LA
SR RERE B AT AT RED I ATS Y o FE AR RIS RS 1
FRARMOFE A IR SRS . AR
A Fe Mn Cr.C 55, BEGHOEHE SIi0, , MR & AR
& AL O, o TERE i il A i A b, Bl ok 1 A1 kg
G35 G R, U AN R A R A 0 R, A8
BARPRHA S I AR S AN BEA T Fe \Mn  Cr C 73 #T,
AR A I A RE A A RE T Si0, 20 b, M0
BEAE A AR T ALO, 73T

(2) AR TR 71 FHoCR + HAbAE br

AT A EZ e R AR LT A TR ?
JUR R T AT RY 92 ROt R 7E H AR AR AL,
XBETOR AR A BT R AR R
A REAFE UG, AR A TR £ Si0, (AL 0, ,Ca0
Fe, 0,. K, O, MgO, MnO, Na, O, P, O, TiO, , CO, .
H,0" ; 5t &/BITAR : Au,Ag . Pd Pt,0s Ir [Rh Ru; I
ﬁ‘z\}%fﬁ%;Cu\Pb‘Zn\W\Sn\Mo\Al\Mg\Co\Ni\As‘
Sb . Hg Bi.Cd;#i+o02:Y . La,Ce . Pr.Nd,Sm Eu,
Cd\Tb\Dy\Ho\Er\Tm\Yb\Lu;ﬁ%ﬁﬁﬁﬂ[ﬁ%‘f;Ga\
Ge In Tl \Nb.Ta . Li ,Rb.Cs Be.Zr Hf Se Te;
& JHITEK :Fe Mn Cr Ti |V GEJR R : U Thy £ 8 5
4J8IC&K : Cd \Hg As Pb Cr Cu Zn Ni; iU o0
%;U\Th\K\Ra; ﬁ%ﬁ?:F\CI\BF\I;i%%?‘%ﬁ
% :C.N.P . K.Ca,Na Fe Mg 0. .Zn Se Si,

TR IR K, TR B EGRE] 71 A
(Ag.As . Au.B . Ba . Be Bi ,Br.C.Cd.Cl,Co. Cr Cs,
Cu.F.Ga . Ge Hf Hg.I.In Li Mn Mo N Nb Ni P,
Pb.Pd Pt . Rb .S .Sb.Sc.Se.Sn . Sr . Ta,Te Th Ti Tl
UV . W.Zn Zr. Y La Ce . Pr Nd.Sm Eu,.Gd.,Th,
Dy . Ho,Er ,Tm,Yb lLu,SiO, . Al, O, TFe, O, MgO,
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Ca0.Na,0 K,0) , 2 5% i ML I % A S A A1
HEBOEN 10 MEFR(Re Ir,Os \Rh Ru €O, \H,0" |
Fe’* [LOLpH) , ST R AR 71 4>

2 6 JLHEFEI 81 THEARZ I TR R

6 AERMBERAEAAIEUERE Y 23 i 4

Table 6  Laboratory analysis scheme of global geochemical
baselines
- . o o
55 GRVIE Cha s iR iDIEeS

Si0,, Al O3, TFe,0;4,
1 CaO,MgO, Na,0,K,0,P, 10
05 ,MnO, TiO,

Beagmhatl i - X
O

(S0, ), ( ALO; ),
(TFe,05),(Ca0) , (MgO) ,
(Na,0),(K,0), As, Ba,

MAIEYE - X 414k
2 Br,Ce,Cl,Co,Cr,Cu,Ga, 1

S
La,(Mn) ,Nb,Ni,(P),Pb,
Rb,S,Sr, Th, (Ti), V, Y,
In,7r
Bi,Cd, (Co),Cs, (Ga),Hf,
In, Li, Mo, (Nb), (Ni), "
30 MM (ONDD ONDY o e e T

(Pb), (Rb), Sb, Sc, Ta,
(Th),T,U,W,(Zn)

(Y),(La),(Ce),Pr,Nd,
Sm, Eu, Gd, Th, Dy, Ho,

e e sy, 1T A TR
(1)

5 Te IR T L
Re IR T T
Pr,Pd 2 A % TR

(Ba),Be, (Cr), (Cu),
(Li),(Mn), (P),(Sr),

8 (Ti), (V), (Zn), 16
( ALO; ), ( CaO ),
(K,0),(Mg0) , (Na, 0)

9  (As),(Sh) 2 4k - RO

10 Hg 1 RESR - FEFrobhigsk
11 Se 1 SEE - P oORE5E:
12 Ge 1 AR - R3Ok
13 Ag,B,(Mo),(Pb),Sn 5 KA

14 Au 1 JE IR

15 0Os,Ru 2 Iy IEICRE

16 I 1 Iy e

17 1 1 Sr 6B

18 Rh 1 SEReS

19 F 1 BT AR

20 N, C 2 R - SAREETE
21 Org. C 1 FALA B

22 FeO 1 Ak

23 H,0* 1 Wik

24 pH 1 iERDAZS

25 CO, 1 Bt

KBS 207k AT A, EROUR U
PR A Pk AR AR A ik R X SR PO T
(XREF) 73#7 o oy 3R LD R0 A iy, LR A
S5 BT VR B A L 1 A A AT
E1, B A AR T I

(3) I3 7 ik i BRAA 25/ N T4 58 sehir e

7 L PR Bk A~ B R D UUAR P a1 2
B 71 FOTR T IEA H BR IR EER . Ty
TCR SR AR AR RN =90% , i 3R IE A B 2R
9, T R IR A It I3 A BR R PR H PR
MRA I ITIEEAT M R (P) B4R g % fE
et I CER B R B R T A T T R A Y BIR PR AR et
(N) di ke SE (M) B E 2 FE (P = N/M x 100% )

T FBOCE/ R HTITIERL IR SR

Table 7 Method detection limits for analytical parameters

/ o 4 3

T Y iﬁﬁf i RARE iﬁﬁf
1 Ag 0.02 37 Sn 1
2 As 1 38 Sr 5
3 Au 0.0002 39 Ta 0.1
4 B | 40 Te 0.01
5 Ba 5 41 Th 2
6 Be 0.5 4 Ti 10
7 Bi 0.05 43 Tl 0.1
8 Br 1 44 U 0.1
9 cd 0.02 45 A\ 5
10 cl 20 46 w 0.2
11 Co | 47 Zn 4
12 Cr 5 48 Zr 2
13 Cs 0.5 49 Y 1
14 Cu 1 50 La 1
15 F 100 51 Ce 1
16 Ga 2 52 Pr 0.1
17 Ge 0.1 53 Nd 0.1
18 Hf 0.2 54 Sm 0.1
19 Hg 0. 0005 55 Eu 0.1
20 I 0.5 56 Gd 0.1
21 In 0.02 57 Th 0.1
22 Li 1 58 Dy 0.1
23 Mn 10 59 Ho 0.1
24 Mo 0.2 60 Er 0.1
25 N 20 61 Tm 0.1
26 Nb 2 62 Yb 0.1
27 Ni 2 63 Lu 0.1
28 P 10 64 Sio, 0.05*
29 Pb 2 65 AL, 04 0.05*
30 Pd 0.0002 66 TFe,0;  0.05*
31 Pt 0. 0001 67 MgO 0.05*
32 Rb 5 68 Ca0 0.05°
33 S 30 69 Na, O 0.05*
34 Sh 0.05 70 K,0 0.05*
35 Sc 1 71 TC 0.1°*
36 Se 0.01

TE S ICE R PR L r e A 3 i it R
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7K ZUUE (GSD) il 46 ( GSS ) R BARMERE
ERIK RV (STSD) RGN BRAEREAE R W 53
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GSS —19 .GSS —25 .GSS =26 .GSS —27) ) (hup://
www. gbwll4. org/d _ 120453. htm; http;//www.
gbwl14. org/d_120461. htm) FIyz il S R LAY &R 5]
FRUER) T WP AT A . R K — F AR Y
JE 12 A, FHBE R 5041 730 43 B B A oA o i
1112 YOFATH0T, o0 S B R A PR o B4 ot
12 Y2 R P 5 % bR o ) A A 2 (. =2 TR
IR 2% (Al €) SR i Iy i B MR 35 5 43 B3
FEARUED) BT R AN T ER 12 YR 14 R X A 24
22 (RSD) S flir it 5 I RS 9 BE o FT BB 43 BT 7 vk )
T 32 ORS8O 5 SR VA 35 8 TSR

8 oA i IR RN % R

Table 8 Guidelines for analytical acuracy and precision

B e BE il
(w) (1AlgC1) (RSD)
ANT 3 AR R <0.10 <17%
KT 3 Ak R <0.05 <10%
1% ~5% <0.04 <8%
>5% <0.02 <3%

S(c-c)?

7. 1AlgCl =11g €, —1gC, 1 ;RSD = x100% ;

CONFRAERIITE 12 A1 1 -1
C AR TR A
CONFRUEYIR IS | YOI n A0 TR AR VR 12,

(5) HAAE R

Sy A H AR S ], $ P A e S AR A L
IS % FARE L, 2 U R , 58 F A ZREOAR N B3 B
BATEIL T #5359 I RAMMR2ZE(RD) o AR
Y& DXIAETRRLE , S Rl 2 i 3 Rk i IR LAY
RD<40% , KT 3 fiki th R RD<20% H &4, HI
PRI TR SRS, I TR ER MRS
R = SRR AR R A VER IR R i B KL X 100% , T
SRR A R ER =85% o Sebr b, MR P [ i Bk
Pz Tt 3 e e a5 4 B D BOLAS L R (K ot
R HRZHOCK 90% LI b HEZFEARXTRZE RN T
20% o PRLIE, FRATTHRE 7 2R FH BE 7™ A% 180 B ARG R 22
RD<20% J&#, A H% >90% .

HPAIRAR R 2E T A2, $5 R 3% ~ 5% i
MR RE, KT 1000 A A7 19 1% 3% RAEH
SRE /T 1000 A% 5% RETE R A 153k
1% 9 A ST B SRR AR 1222 (RE) o &
/NT 3 EREH BRI RE<50% S04, & KT 3 4%
Kt BRI RE<25% 5% o

M2 [ R A 22 FEE T H S AR S A e R
KFE, ERICK BRIEOUR FE s u R CRERSM)
g 2 T AR R 22 /N T 20% , BF S0 A A
XPRZE/INT 25% o NI, Dy 1 5] 58 M 3R A BR AL
SRR, T UOIBR AR 1L, @ I EHOUR Bk
BOCRMERRIUR , Tie & /T 3 M IR , it
JE RT3 ARt R, S = B AR A A AR X R 22 RD
<20% , BN R M AR R ZE /N T 25% , — it
FE A SR % FA AR A A X R 22 AL R < 10% , BF
SNSRI R ZE P BN T 12.5%

*O U HA AT S SRR DA AR
Table 9  Requirement for relative errors of laboratory replicate

analysis and sampling duplicate samples

i H SRR EAE R L7 Ney R
RD | € -C, | RE = | S, =S, |

FHRA (€ +Cy)2 (S, +54)72
x 100% x 100%
JNF 3 fE R R <40% <50%
KF 3 kIR <20% <25%
FRICK PIETEM <20% , <25%,

HEEEILE % <10% AR <12.5%

. RD—SC8e & EAAEAIA 25 ; RE—HFAMRARARNS 4R 2% ;
C,—SR= TS — WA Gl EEEHA K
s S,—BFANEIRTE; So—BFANE A
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HIGHLIGHTS

(1) Geochemical data from China, Europe, the United States and Australia were compared.

(2) The reasons for the differences in data of mercury, cadmium and tungsten were analyzed.

(3) It was suggested that sampling error and laboratory analysis error should be minimized to ensure the accuracy of

geochemical reference values.

ABSTRACT

BACKGROUND: Global harmonious high — quality geochemical data and accompanying maps are reference
baselines for quantifying future human — induced or natural environmental changes.

OBJECTIVES: To ensure the accuracy of geochemical reference values and analysis data, advices were made for
laboratory analysis.

METHODS:: The analytical data of Cd, Hg and W from China, USA, Europe and Australia were compared and
two analysis data collected 15 years apart from one laboratory in China were also compared.

RESULTS: All of the cadmium analysis data were consistent with a correlation coefficient of 0. 96. Mercury was
poorly consistent with a correlation coefficient of 0. 74, and tungsten was not comparable with a correlation
coefficient of 0. 56. The analysis results of cadmium were highly consistent because the analysis method was the
same and the detection limit was comparable. The consistency of mercury was poor, especially the low — content
mercury, which was significantly different due to different analysis methods and detection limits. Tungsten was not
comparable due to different laboratory analysis methods. The prerequisite for recognition of environmental changes
(RC

and laboratory analysis error (RD,, ). Therefore, sampling error and laboratory analysis error must be minimized.

e > RE_,, + RD,,) was that the change value must be larger than the value of field sampling error (RE,,,)
CONCLUSIONS: Six general guidelines are proposed. (1) The original sample is separated through a 10 — mesh
sieve and processed to a particle size of less than 200 mesh using a pollution — free method. (2) A total of 71
elements plus other parameters should be determined by well — established multiple analysis methods, e. g. , fused
glass bead — XRF for major elements and 4 — acids ICP — MS and ICP — OES for minor elements in combination with
other methods. (3) The method detection limits must be lower than crustal abundance of the chemical elements and
reportable data percentage must be more than 90%. (4) The geochemical reference materials used for quality
control should contain the reported certified CRM values for all elements. (5) Analytical relative errors for the
triplicate samples should be less than 40% (RD <40% ) if concentration of the element is less than 3 times
detection limits, and less than 209% (RD <20% ) for the elements with concentration more than 3 times detection
limits as well as major elements, Fe — group elements and toxic metals. (6) The total contents of major elements
Si0,, AlLO,, Fe,0,, FeO, MnO, MgO, CaO, Na,O, K,O, TiO,, P,0,, H,0", CO,, SO, and organic matters
or those of Si0,, Al,O,, Fe,0,, FeO, MnO, MgO, CaO, Na,O, K,O, TiO,, P,0, and LOI should be at 99.3%
-100.7% .

KEY WORDS: geochemical datum; mercury; cadmium; tungsten; sampling error; laboratory analysis error



