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Fig. 1 Demonstration of sample pre—processing process
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Fig. 3 Concentration and relative error of Cr ( VI) at

different extraction temperatures
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Fig. 4  Concentration of Cr( VI) in standard substance RMH -

A048 under different speed and extraction time

MDL=1,,_, 409 X
Krfon AR AFAT I E R S A EE N
n=1, B1GE R 99% B 0 ¢ 53 A0 (5 (5 0),
=T 0,000 = 3. 14355 fAE n YOPATIE Y
B w22 o

ICP-MS Fll FAAS 175 4t BREE 2R3 T 3% 1,
DIATAERY AT AL B 5 2%, i 1] 1ICP-MS MI5E 7 17 =5
FUIARIRRE | XY 1 AL SRR o0 5 AR TR
4 100mL B, 7H5 H 3 Co (VD) 19 7 4t FR
(MDL) A 0. 061mg/ke, #% I HJ 1082—2019 Hij 4k
)7 WA TR R I, f ] FAAS BRI, J7 vk A

1 R ICP-MS il FAAS g 13 Cr( VD) RS IR
Table 1

Detection limit of Cr( VI) in soil by ICP-MS and FAAS
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(A ARE A, KRR B AR ot A A i A 5, DA IR A

PREURTATINE 9 Cr( VD) ¥R BE (mg/L) i 22 Jr A R
VAIWIRES
1 2 3 4 5 6 7 (mg/kg) MDL(mg/kg)
ICP-MS( A3 %) 0. 1902 0.2004 0. 1578 0.1822 0.1736 0.2148 0. 1690 0. 01949 0. 061
FAAS 2.06 1.90 1.72 1.84 1. 68 2.02 1.78 0. 145 0.5
22 R ICP-MS M FAAS TLE Cr( VD) (PR 3 Bt i 2
Table 2 Precision and relative error of ICP—MS and FAAS determination of Cr( VI)
R (VD) WRE - I Cr( VD) W BPATINE ( ( mg/kg) X% RSD
G5 tRIEE (mg/kg) 1 2 3 4 5 6 7 THE (%) (%)
ICP-MS 27.1 28.3 26.7 29 21.5 28.3 26.9 21.7 -3.8 3.1
RMH-A048 288227 FAAS 28.3 31.1 26.9 21.5 28.3 26.8 21.7 28.1 -2.4 5.2
ICP-MS 5.11 4.93 5.02 4.67 4.52 4.81 5.30 4.91 -3.7 5.4
RMUO4! 3. 10<0.67 FAAS 4.39 5.73 4.52 4.39 4.64 5.13 4.45 4.75 -6.9 10.6
i ICP-MS 0. 84 0. 86 0.93 0.89 0.96 0.99 0.92 0.91 -1.1 5.9
GBW(E)070251 0.9220.09 FAAS 0.70 0.83 0.96 0.82 0.96 0.91 0.63 0.83 -9.8 15.3
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A A HH BRI

9T B AiE FAAS Fil ICP - MS ¥ 5 + 3¢ rp
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T TR . X F AR TE SR 58 f, =0, — 1
=6,f,=n,,-1=6,%4% a=0.05,% F £5IHFH,

2
Sn

Fo 0506.6)= 5.82 R AKX F= ;X ,Xd‘%\qj R =

S

“min

W BE, F {E 4 % b 2. 861, 3. 580, 5. 670,
F<Fy psiee » RN TG BN 2R AR E, A
JEXT TR Mk B RE 5L GBW (E) 070251, F {H ik %
5.67, GG FHE S. 82,

XFT ¢ K 3oy AU ARG 5y, f=n, +n,-2= 12, 257€
a=0.05, HeEE S 10500 = 2. 179, WA K

x,—x,~d
=

, X R AR AR R e (o

2,2
s)ts;

In

-0.676.0.796 1. 715, [t ] <ty 51, » B0 ¢ RHIEIAS
SRR LR T R E R
2.6 AUZSELIEATERE

fii 1 ICP-MS LM 2 50 £ 1.3, 1 TEikd
PRI BORE S, 25 2 I 22003 50 YRFE &, P AR [l
WCHEA T 88. 5% ~ 109% , TEALAF ZLR 1) 70% ~ 130%
AN o Ut BH A SC 5 3 [ B SR PR S s R A A 1 25
BRAE/HTEE H I ICP-MS B 8 R 8% 194
RSB B o A RCR A ] — SR i 3 2
10 KA E SRR E S R/MEZ R 1,05,
VLR ES R R AR IR  RUEME RIT

{8 F FAAS JEZE 52 30 2 HJ 1082—2019 Fiif
AR BRI - IFERE A, 25 BRI 2K 20 SRR
AR ek mT UL BH 8 (%) 8 1 R U R e e FLER T
PRI — SRR S LRI 10 YR, OB e K
S5 //MEZ WA E) 1. 34, DL BTt 20 M RES S
SR T MRS AR E , ZT R iR
Hh g BRI TP A, 5 B B I Ve R e Sk LA
PRUEI R WA | AN B Rt A i I

3 e

A TAERE ST T A A8 — ik 2 400 B 775 1 B
5t iR ME BH 25 1 B g 22 e, ICP - MS U & + 3
— 832 —

Cr( VD) 5 %6, i FH 732 71 BH B 132 B b il 52 e
N AN T R A T BN i N s
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=S e N L N7 e T X = N LI 171
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SO ETOTR RO TAE R, LA th B S AR, A (v
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Determination of Hexavalent Chromium in Soil by Inductively Coupled
Plasma—Mass Spectrometry with Alkaline Digestion—Ion Exchange

CHU Linlin, WANG Jingyun, JIN Xiaoxia™ , WANG Bifen, KONG Cuiyu
(Shandong Weihai Eco—Environment Monitoring Center, Weihai 264200, China)

HIGHLIGHTS

(1) A certain amount of cation exchange resin was added into the alkaline extraction solution, and a large number

of cations were removed. Continuous analysis had strong stability.

(2) The detection limit of the method can be reduced by dilution, adding exchange resin, using an internal

standard method and optimizing instrument conditions.

(3) When reducing substances exist in the soil, the pH range of the extraction solution should be controlled within

7.5+0.5 to maintain the recovery.
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ABSTRACT

BACKGROUND: Hexavalent chromium Cr( VI) is one of the basic monitoring indicators of soil in construction
land. Tt is of great significance to carry out soil hexavalent chromium monitoring in the prevention and control of
environmental pollution. At present, the standard method of hexavalent chromium in soil is flame atomic absorption
spectrometry (FAAS). The FAAS method has a high detection limit (0.5mg/kg) , and serious matrix effect, and
cannot meet the analysis of Cr( VI) in low—concentration soil samples.

OBJECTIVES: To establish a convenient and high sensitivity method for determination of low — concentration
hexavalent chromium in soil.

METHODS : An ion—exchange—inductively coupled plasma—mass spectrometry (ICP-MS) method was developed
to determine the content of hexavalent chromium in soil by extracting hexavalent chromium with alkali solution. The
resin content, mixing speed, extraction temperature and extraction time were studied. The measurement results
were compared with the flame atomic absorption spectrophotometry ( FAAS) method.

RESULTS: The results showed that the total dissolved solids ( TDS) mass fraction was reduced from 2. 4% to
0. 17% after the alkaline extraction solution was diluted 10 times and 3. 5g of cation exchange resin was added, and
the matrix interference was greatly reduced. At the same time, due to the dissolution of hydrogen ions in the ion
exchange process, the pH reached a suitable detection range (7. 5+0.5). The pretreatment conditions were
optimized. When the extraction temperature was 90—-95°C , the stirring speed was 300 rpm , and the heating time
was 70 min, the extraction effect of Cr( VI) was the best, and the relative error was —1.7%. The relative standard
deviation (RSD) was 3.1%-5.9%, and the average relative error was =3.8% to —1. 1%. F test and t test were
used to compare the test results of high, medium and low concentration standard substances by ICP—MS and FAAS,
and there was no significant difference between the two methods. The method detection limit (MDL) was 0. 061
mg/kg.

CONCLUSIONS:; Since this method adopts dilution, ion exchange, internal standard method, to reduce matrix
interference , combined with the high sensitivity and good accuracy of ICP-MS, the method detection limit ( MDL)
is significantly lower than the detection limit of FAAS method (0. S5mg/kg). This method can be used for the

determination of low—concentration soil Cr( VI) samples.

KEY WORDS: inductively coupled plasma — mass spectrometry; flame atomic absorption spectrometry; ion —

exchange ; sodium hydroxide—sodium carbonate solution digestion; hexavalent chromium
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