2017 4E1 H
January 2017

a0 W
ROCK AND MINERAL ANALYSIS

Vol.36, No. 1
82 ~88

M, B3, VAN, & 5 XI5 Qi T R G R ST R A s R R AR [ ] 59,2017 ,36 (1) 82 - 88.
TIAN Kan, et al. Preparation of Soil Certified Reference Materials for Heavy Metals in Contaminated Sites [ J ]. Rock and Mineral
Analysis,2017,36(1) :82 —88. [ DOI: 10.15898/j. cnki. 11 —2131/td.2017.01.012]

WX §5 Yety b - 5 5 o 22 0 D b ATt 1K) AE

WAT, &, A&, Ass, P4,
(ISR TR MERE S IE BT, [ R IR O 3795 YT AR MERE S o T A 52562, Jb At 100029)

WE: KB L7 FRARARAZRRCERALEFFTERXfeG N X, X 20 K2 LI IRB BEN 6) F & X 3%,
192 SR ERIR ST MM o B 2 AR Fo 17 FAFAEAR — B0 15 R IR T o B F AT AR, A4 L3
TR K e i A K75 AR A KRR I B R, REA By s R R e B 4 ey e RUR @ L3R e
B8 GB/T 15000 F W] Fe AR XAFEAHR T TR P IIE T LB LA >R EER, REN LIEHDZKER
T B GG R A ke AR A S T EE o B REALRIR 20 LT AR AT G MAT R, 5 R R A W3 4 )
ALHY AR R T EAE 0.27% ~2. 1% Z 8] 4503 M BT, DA E 4 0.20 g, AT HARXEMN X H&
KA, BTN R A ARG &, £RERARE T, £ 12 AN AR IZE K 0 A 5 R F)
FARE BAA R AT T ARG AT R A EA0.06% ~2. 1% 218, £ 13 A KRG EERAH
FVA LR RIS A T kAR AR P 21 AT & (Ag Al As . Ba . Be.Cd,Co.Cr,Cu.Fe Hg . Mn Mo,
Ni.Pb.Sb.Se Ti T1.V .Zn) B & A& , - # & B vy AL TR A JE (woyy, ) LI 35 8 MR # 2 E (u,, ) Fo K HAR
TR T (uy,,) B, & Se Sh , AR A Z AT B RA R L DT 1% o ZAFEAF I AH B R %
AR S (GSB 07 =3272—2015) , T T o4 ke R m 4 R X7 R kit S Bid L3EH B P E
2% YE w0 R E A2

KPR : FEPRLE,; E2k; WFEFS;, PR LKK

RE 45 ES: S151.93; 0614 XEKARIRAD: A

T IEFRAERE R B RS FRE IF 7
FE T TG YL R (R A - A, R ORI - g W
R ARV T L 19 S b o B R T 7 1
W Y A 4 T A P s 4 AR, T
S I TR P R AN B T R IRAIE B AL 1
Pl SRR A Y ARk, 25 [ E R AR S
R B 58 e (NIST) | Bk W RE & 5 00 4 BF 5% B
(IRMM) 3% [ BUM AL 2% 5 5280 % (LGC) K 36 [ #
FR T TR B T 3 4 8 A AR A
HIBFSE, BRTI B O A LA Fh - 48 bRkt
AT RE P b+ B IEFE R I
T E R RS 20 22 80 AEAXHEH| T ESS &5+
HERRIERE S, BE R AT 1 b AR L T
TR B R A TS TAES . 2013 4F FREE
PRI R AT b [ IR B AP BOR ) 48 L 72 T

AR DX i 30 3 X 00— 38 o 2 DX 3 XL
DX, X N AR 3 B 1™ BB TS e M )
G J W 2+ SRR B W N AT IR
e SJEBATE M 00 F Bk o, U T S A
IKOVARE bR it A7 S o e
H i, E0FH Y GBW07419 .GBWO07418 55 + 1 8 4>
JEICE MR HERE i, o TIER H AR, S 75
PRV, As (Ph  Cd 45 1 SEPRIE ™ A% 2 1 1) 4
PRI T 1 5 b S b v AL A 1) FIR AL, AR M 3 2 v X
8 75 4 7 3t B M A 398 95 e K P R i R
AR, JUHOR B 375 B A 17 shit X ) /Y
5 LS e GUIR B0 T A 25 AR R T I , 452 M
S A R S5 YK AR R i ) T R
JIIIBIER7INS

BT R e TR {5 2 DRI g XU DX, A SC L

I B EA: 2016 -02 -24; {&[E HHA: 2016 -09 -29; EZHHEE: 2016 - 12 -28

EEWAE: HEEHTARERZITHH (2012 -60)

EHEB AN R, ML, EENHEERAER RS PR T/, E-mail: kantian2006@ 126. com,



514

FIAFT , 85 0 DX T e b M o S J T 3R o b e e 0 7

% 36 &

T 2L X 2 R AT e Aol 75 G Y SR A P 43580
JSORMEE il T 15 G 3t - 3 5 45 Jm oT R A M
HERE NS o PRARAT R T IR R DU R T ERE A
A #5155 {5, X GB/T 15000 Z 81 AR HEAF: by U
ARAEHAEAHLTE 19 1R ERE dh 13 S0 SR
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Table 1  Pretreatment and analysis methods of the soil sample

JLE R b )i VIWIRiS
Ba,Cd,Co,Mn,Mo,Pb
,Cd,Co,Mn,Mo,Pb, | 0 .
ShUTLTLY Zn ihER - IR - AR - MR ICP-MS
Ni R - R - ER - HER GFAAS
As,Hg FKKB AFS
Fe R - THER - SRR - AR FAAS
Se fifiz - m R AFS
Cu, Al HiEER XRF

1 :1CP ~ MS—HL IR £ %2 85 1 (R BTi5 1% ; CPAAS—f1 8 i1 IR 1%
AFS—RJOtE R ; FAAS— IR IOt XRE—X IO,

2 BETERERER

Table 2 Homogeneity tests of the reference materials

RSD uy, AEXT uyy,

. ,E‘\b \ E
JLE OE BME BOK(E (%) (mg/kg) (%)

Al 7.45 7.36 7.57 0.90 0.063 0.85

As 290 286 295 0.99 1.5 0.50
Ba 310 299 320 1.6 3.3 1.1
Cd 3.20 3.11 3.25 1.3 0.029 0.90
Co 11.3 11.1 11.6 1.4 0.08 0.67

Cu 72.5 71.9 74.2 0.77 0.20 0.27
Fe 4.59 4.51 4.68 0.79 0.021 0.46

Hg 0.238  0.227 0.247 2.2 0.0032 1.4
Mn 2320 2230 2400 1.9 24 1.1
Mo 2.87 2.72 3.01 2.7 0.059 2.1
Ni 30.7 29.7 32 2.5 0.42 1.4
Pb 964 930 990 1.5 9.2 0.96
Sh 18.4 18.1 18.9 1.2 0.13 0.70
Se 0.887 0.858 0.909 1.6 0.0084 0.95
Ti 3780 3610 3920 1.8 42 1.2
Tl 2.11 2.06 2.15 1.1 0.014 0.66
V 86.8 81.4 90.4 2.4 1.20 1.3
Zn 511 494 539 1.9 6.4 1.3

T AL Fe BTt 600 % , HARTTR T me/kg.
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Table 3 Stability tests of the reference materials

_ RSD Uooan-2 Wy AN uy,
TR B gy b b ) xs(by) (mgkg) (%)
Al 7.42 0.40 7.42 0.0007 0.00349 0.0111 0.042  0.58
As 317  0.52 318 -0.212 0.149 0.474 1.8 0.61
Ba 353 0.42 353 0.035 0.173 0.550 2.1 0.64
Co 16 0.99 16 0.0021 0.0185 0.0588 0.23 2.1
Cu 72.6 0.55 72.8 -0.028 0.044 0.139 0.53 0.74
Fe 4.88 0.22 4.89 -0.0014 0.00101 0.0032 0.012 0.25
Mn 2610 0.18 2613 -0.800 0.283 0.900 4 0.16

Ni  28.7 0.57 28.8 -0.0290 0.0093 0.0294  0.11 0.37
Pb 985 0.25 988 -0.470 0.108  0.497 1.3 0.13
Ti 4330 0.21 4331 0.16 1.06 3.37 13 0.33

v 103 0.53 103 -0.029 0.062  0.197 0.75 0.84
Zn 530 0.25 531 -0.260 0.024  0.075 0.3 0.06

T - AL Fe JiH 00 % , HARIC R IR0 me/ke
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I JE B RE 0 BE 7 LIS BR 5 248 Cochran #fE | #5715
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281 207 (8 5085 v B R H A 5 B B B 15
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20, HR PR DAL AS ) S 38 0 434 vk 04 T e ML
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Table 4 The number of data sets, pretreatment and analysis

methods
R HHE e o
TR s AR A ST
A I 8 ab.c ICP - S, ICP - OS, ES, GFAAS
Al 13 10 b,d,e ICP-MS,ICP - OES,ES,GFAAS,XRF,VOL

As 15 15 b,c AFS,ICP - MS,ICP - OES, GFAAS , XRF
Ba 14 13 a,b ICP - MS,ICP - OES,XRF

Be 13 13 a,b,e ICP - MS,ICP - OES

Cd 13 13 a,b,e ICP - MS,ICP - OES, GAAS

Co 13 13 a,b,e ICP - MS,ICP - OES

Cr 13 12 a,b,e ICP - MS,ICP - OES,FAAS

Cu 14 14 a,b,e ICP - MS,ICP - OES, XRF

Fe 14 11 b,d,e  ICP-MS,ICP - OES,XRF,VOL,FAAS
He 14 12 c,f AFS,CV - AAS

Mn 13 13 a,b,e ICP - MS,ICP - OES

Mo 13 13 a,b,e ICP - MS, ICP - OES

Ni 14 14 a,b,e ICP - MS,ICP - OES,XRF

Pb 14 12 a,b,e ICP - MS,ICP - OES,XRF,FAAS
Sh 15 14 a,b,c ICP - MS,ICP - OES,XRF, AFS,

Se 12 9 b,c,e,g ICP - MS, AFS

Ti 14 14 a,b,d,e ICP - MS,ICP - OES,XRF,COL

Tl 12 12 a,b,e ICP - MS,ICP - OES

\Y 13 13 a,b,e ICP - MS, ICP - OES

Zn 14 13 a,b,e ICP - MS,ICP - OES

Ha—30MR + IR + E B b—30 IR + R + AR + W AR, —EK;
A e— AR + VTR + 7 SRR s (— ELHRERE s o — AR + AR
ICP - MS—HIBHE & 57 B F IR L1 ICP — OES— AU A 55 B9 11 A
il s XRF—X 5 4 9¢ 6 6 3% 15 FAAS—JCIA J5F Wl O 135
GFAAS—f 855 i+ W IO 35 Wi CV - AAS—12 i+ I O 35 %
AFS—FF I VOL—2 5 COL—4pob H 68 332 s ES— i IR
RAHEE,

S FREREI BRI S AT

Table 5  Certified values and uncertainties for soil reference
materials
S| 2F itn o2 B
T ol I O
Ag 2.69 0.19 Mn 2460 70
Al 7.22 0.18 Mo 3.24 0.21
As 297 11 Ni 29.7 1.3
Ba 326 11 Pb 971 34
Be 14.5 1.0 Sh 18.1 1.1
Cd 3.09 0.19 Se 1.09 0.18
Co 11.2 0.7 Ti 3970 130
Cr 63.6 4.1 Tl 2.05 0.13
Cu 71.8 1.5 \Y 89.3 3.3
Fe! 4.73 0.07 Zn 523 16
Hg  0.191 0.013
1 AL Fe 1931 0 %, FEARTCE M 60 me/kg.,
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Brigh : BRSO A, [ 55 S g I a0
G A AL BT P BRI P L TR A A A
P rboCy LA M S SRR T T LT A LR
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O MR e dn A IR 7] L KRS 2 il ik
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PRIE 0 H Ol DI I8 S0 S SR A B0 SR AR, o [
JRB}272 Bt R4y Pt Bk f 7 Bl A A0F 5 B b B 7 e
A R 2, FEI— I 2R Bt

5 Z% K

(1] @z IR AR e SR R AR [T ] Wi 3 o
P4 HE R, 2001 ,21(3) 1113 — 117,
Gao A G. Proposal for the construction of geochemical
standard material system of marine sediments[ J |. Marine
Geology & Quaternary Geology,2001,21(8) :113 -117.

(2] HFHT, W0, BBRNS, 5. LA PLE R 255k B o)
B b A B ) 4 [T ] (33, 2010, 28 (5):



FIAFT , 85 0 DX T e b M o S J T 3R o b e e 0 7

% 36 &

(3]

(4]

(5]

(6]

(7]

(8]

(9]

483 -486.

Cao D D, Tian W, Feng Y P, et al. Preparation of soil
candidate reference materials for the analysis of
organochlorine pesticides in soils[ J ]. Chinese Journal of
Chromatography,2010,28(5) ;483 —486.

XUTESE BN, DR, 45, 5 13 R HLEUR 25 135 hx
HERE AR IBFRIL D). AL T 3R ,2016,36(1) :110 - 114.
Liu H P,Lu B W, Fang L. P, et al. Preparation of soil
reference  material  containing 13 organochlorine
pesticides [ J ]. Environmental Protection of Chemical
Industry,2016,36(1) :110 - 114.

Wi 1. ESS RENFRE L ERRAER DI [ ) ]. o [ PRbE
W ,1990,6( 1) ;23 -26.

Chen C W. Development of a series of environmental
reference materials of ESS[ J]. Environmental Monitoring
in China,1990,6(1) ;23 -26.

Wl , B, e, 5 ma R T it i
A B —— LA R4 R SE R B 15 Y )
B ] B IRR A L, 2013,30(4) (28 - 33.
Zeng J Y,Zhao Y L,Li J H,et al. Evaluation of recycling
suitability of heavy metal industrial contaminated sites:
A case study of mayong town in dongguan city [ J].
Scientific and Technological Management of Land and
Resources ,2013,30(4) :28 —33.

Tz AR, AR, 5. 15 Y bt 1 3 o 4 5 ()
S E UM B H R BN 2y [T ] RS 5 AR A IR
B4 4% ,2013,29(6) 789 - 795.

Wu Y J,He Y,Deng S P, et al. Identification of outliers
of heavy metals in soil of a contaminated site and
separation of point source effects[ J]. Journal of Ecology
and Ruraf Environment,2013,29(6) .789 —795.
TR, L W EE, . TS LI SR
Y A5 (8] 28 S R AR b HC T P PR RN 95 8 = LT ]
+ 4% ,2006,38(5) :525 - 533.

Zhang C B, Li Z B, Yao C X, et al. Characteristics of
spatial variability of soil heavy metal contents in
contaminated sites and their implications for source
identification[ J ]. Soils,2006,38(5) :525 —533.

DR, S84, A A5 R UR 2 R 5 bR it
s e LT ] A K, 2013,32(5) :767 - 774.
Fang L. P, Wu Z X, Wang W, et al. Preparation and
certification of river sediment reference material for
polycyclic aromatic hydrocarbons[ J ]. Rock and Mineral
Analysis,2013,32(5) 767 - 774.

FIAE , S, (3%, 4. o [ TR R + S A LR
RGN Z QIR S AT AR e B W [T ] 5
M3 ,2015,34(2) ;238 - 244.

Tian Q, Wu S Q, Tong L, et al. Preparation of certined

[10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

reference materials of organochlorine pesticides and
polychlorinated biphenyls in Chinese typical soil [ J].
Rock and Mineral Analysis,2015,34(2) ;238 —244.

van der Veen A M H, Linsinger P T, Pauwels J.
Uncertainty calculations in the certification of reference
materials. 2. Homogeneity study [ J]. Accreditation and
Quality Assurance,2001,6(1) :26 —30.
Linsinger J T P, Pauwels J,van der Veen A M H, et al.
Homogeneity and stability of reference materials [ J .
Accreditation and Quality Assurance, 2001, 6 (1)
20 -25.
GG AR HEY A B S KA SR [T ] A o b
i H,2001,10(3) ;34 -35.
Han Y Z. The homogeneity and its test of a certified
reference materials [ J |]. Chemical
Meterage ,2001,10(3) :34 - 35.
] R o o M B A A R , R R A A P B
x4 % . GB/T 15000. 3—2008 FrufErf it TAESI(3)
PRIERE it E (B — RSO AN e it D7k [ M) e st
FEl B H hiit: , 2008.

General Administration of Quality Supervision, Inspection

Analysis  and

and Quarantine of P. R. C. , Standardization Administration
of the People’ s Republic of China, GB/T 15000. 3—2008
Directives for the Works of Reference Materials (3)—
General and Statistical Principles for Certification [ M ].
Beijing: Standards Press of China,2008.
212, 250K, Sl %, 2. B IE TRV - ICP - MS
LTSRS A P 47 A SCR RN [T ] i il e
%,2002,21(5) :8 - 12.

He H L,Li B,Han L R, et al. Evaluation of determining
47 elements in geological samples by pressurized acid
digestion-ICP-MS [ J ]. Chinese Journal of Analysis
Laboratory,2002,21(5) .8 - 12.

FRR, EWRLL, 202, 45, b JFObns v S v e /N B
FEE L) ] . B 4z , 2009 ,28 (6) :804 —807.
Wang Y M, Wang X H, He H L, et al. The minimum
sampling mass of geostandards reference materials[ J].
Geological Bulletin of China,2009,28(6) :804 —807.
REEHE B IT A0, A5 b BThRE ) 5T A BIF R 12
[J]. R 5805 ,2013(5) 419 -421.

Song L. H,Hao Y F, Yang L, et al. Preparation method of
geochemical reference materials [ J |. Geology and
Resources ,2013(5) :419 - 421.

o PUBEC, B 52 W) ORGSR A [T
T E54R,2010,31(5A) ;112 - 114.

Meng F M, Kan Y. Evaluation of the uncertainty
contribution of instability for reference material[ J |. Acta

Metrologica Sinica,2010,31(5A) ;112 —114.



a0 i ak

w1M hltp;E//www. ykes. ac. en 2017 4
(18] & )Lk, SRAI, M 25, v i ng fa @ MR [T ). and Quarantine of P. R. C.. JJF 1343—2012, General
R RA,2011(5) .21 -23. and Statistical Principles for Characterization of
Meng F M, Guo J, Kan Y. Discussion on the stability of Reference Materials [ M ]. Beijing: China Zhijian
reference materials [ J ]. Measurement Technique, 2011 Publishing House ,2012.
(5):21-23. [20] WHmEHE. bRUEY PR EMEE B PN LT ] 1R B 20 #,
(197 [ 5 o 45 W5 A 0 K %2 0 Jmy 4 35 JOF 1343—2012, 2000,20(6) :31 -34.
i v J5T (P38 R D ) Je e v S B [ M. b Hu X Y. Evaluation and investigation on the stability of
r [ B Rk, 2012, certified reference material [ J |. Metallurgicall Analysis,
General Administration of Quality Supervision. Inspection 2000,20(6) ;31 —34.

Preparation of Soil Certified Reference Materials for Heavy Metals in
Contaminated Sites

TIAN Kan, YANG Jun, SUN Zi-jie, ZHOU Yu-min, XING Shu-cai, FENG Yue-peng

(Institute for Environmental Reference Materials of Ministry of Environmental Protection, State Key Laboratory of

Environmental Pollutant Metrology and Reference Materials of Environmental Protection, Beijing 100029, China)

Highlights .
* The soil for certified reference material was collect from high risk area of combined heavy metals pollution.
* The uncertainty evaluation method of certified reference material for soil was discussed.

* The certified reference material for soil can provide support for soil environmental monitoring and quality

control.

Abstract: In China, the mining district and surrounding areas have been high risk areas for soil pollution by heavy
metals. These are also the main areas for environmental monitoring of soil. Unfortunately, soil certified reference
materials (CRMs) in which matrix and levels of heavy metals consistent with the actual soil in thse aeras are not
available. In this study, based on the pollution characteristics of the heavily polluted soil area and high-risk area,
and requirements of practical environmental monitoring, agricultural soil surrounding the mining district of red soil
area in southern China was collected and prepared to soil certified reference materials according to GB/T 15000 series
rules. The collected material was dried at low temperature, ground, sieved, homogenized and radiation-sterilized.
Twenty bottles of samples were randomly chosen in order to test the homogeneity. Results show that standard
uncertainty due to between-bottle homogeneity ranges from 0. 27% to 2. 1% (in Table 2), indicating a good
homogeneity. The minimum sampling weight was 0.2 g. X-ray Fluorescence Spectrometry method was used for long-
term stability study. Stability was assessed by trend analysis, under the preservation conditions of room temperature
without direct sunlight. No instability was observed during 12-month monitoring periods, and standard uncertainty due
to long-term stability ranged from 0. 06% to 2. 1% (in Table 3). Elemental contents were determined by 13
laboratories using two different methods. The elements include Ag, Al, As, Ba, Be, Cd, Co, Cr, Cu, Fe, Hg, Mn,
Mo, Ni, Pb, Sb, Se, Ti, Tl, V and Zn. Total uncertainty results from uncertainties in certificated values (u,, ),
between-bottle homogeneity (u,,) and long-term stability (u,,). The expanded relative uncertainty of most elements
is smaller than 7% , with the exception of Se. The reference material was approved as the national reference
material (GSB 07-3272—2015). The presented CRMs were expected to be useful for method validation or quality
control of heavy metal analysis in mining districts and surrounding areas by routine testing laboratories.

Key words: contaminated site soil; heavy metals; reference materials; red soil region in Southern China





