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Abstract: The traditional methods of boron determination mainly include spectrophotometry, titration
and electrochemical method, etc. These methods are complicated, time-consuming and easy to be
affected by external environmental factors. With the development of analytical technology,
inductively coupled plasma mass spectrometry (ICP-MS) has gradually become the preferred method
for the determination of trace and ultra-trace elements in environmental samples due to its advantages
of simple operation, high sensitivity and high selectivity. For ICP-MS analysis, it is very important to
choose a appropriate pretreatment method. The commonly used acid hydrolysis method is not only
time-consuming, but also has high operational safety risk and environmental pollution, and boron is

easy to volatilize in hydrofluoric acid environment, which leads to loss of the analyte. Alkali melting
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method is very effective for the decomposition and dissolution of insoluble substances. By melting
the soil sample with alkaline flux, the boron element in the sample was completely released, and the
melt was dissolved with acid, and then analyzed by ICP-MS. This method can effectively avoid the
volatilization loss of boron element in the traditional acid solution method, and improve the accuracy
and reliability of the determination. In this study, a method of alkali melting and ICP-MS was
established for the determination of total boron in soil. The accuracy and reliability of the method
were ensured by optimizing the experimental conditions, such as melting temperature, melting time
and acid dissolution conditions. The results showed that after adding 2.0 g Na,CO;, soil samples were
heated at 950 °C for 20 min, and then hydrochloric acid solution (1:1, V/¥) was used to dissolve the
frit, affording the best dissolution effect. With the proposed pretreatment, the linear relationship of
total boron concentration in the range of 0-100 pg/L is good, and the linear correlation coefficient is
0.999 5. The limit of detection and the limit of quantification are 0.20, 0.65 mg/kg, respectively. The
precision (RSD, n=6) is 1.92%-3.79%, with the relative error (RE) ranging from —0.32% to 3.69%,
and the relative standard deviation (RSD, n=6) of the actual sample is 0.99%-1.82%. Compared with
inductively coupled plasma-optical emission spectrometer (ICP-OES), the data stability of this
method is better, the working efficiency is higher.
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£1 ICP-MS TIES#
Table 1 Operating parameters of ICP-MS

&= Kl
Instrument parameter Value
W 1550
A/ (L/min) 1.05
AEIA I/ (L/min) 15.0
BB S B/ (L/min) 1.0
FACS I 3/ (L/min) 0.86
AR /mm 8.0
KFEHEFLAE/mm 1.1
B FLAR /mm 0.9
i Bl
FIRv B 50

%2 ICP-OES TES#
Table 2 Operating parameters of ICP-OES

&= =254 Hife
Instrument parameter Value
PR 1200
S5 BRI/ (L/min) 12.0
F L3 #/(L/min) 0.6
H YR/ (L/min) 0.2
FHAEH R/ (mL/min) 1.0
R HtR]/s 10
G 20
I TR REUIR 3

B Ak e L AR R A BR A B
30 mL A REEER I % i 4 i i A BR 2 )
[T
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+ € WL 4 o BT bR O B BT GBWO07450,
GBWO07453, 12 W - JE DT R 15353 B s 14 400 I
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FRUURY L5153 B bR ) it GBWO07405a: 1
H ] 5B 2 e 1 Rk A7) B R Ak 2 B 22 A 5T BT
ffit,

B A 4 5 0 () % 1 B 4 5+ GSB 04-
1716-2004, 1 000 mg/L): E R4 (4 )&% M T+
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1.4 #ItRAERTIARAIES
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Fig. 1 Results of total boron determination at

different alkali melting temperatures and time
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WEAH, RE 7E-7.56%~ 1.79%2 []; H:rfr, 950 C B,
1% 20 min ) RE 7£—1.13%~ 1.34%2 [, % 2% ¢
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Fig.2 Results of total boron determination in

different acid systems
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T, JoE VR O 8 A A 22 1 B o 1 2, 8 v
354 0~ 100 pg/L Fl 0~1.00 mg/L, £& 1 15757
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17.3, AR FREL r 735170 0.999 5 10.999 4.,
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43 5Mdi F ICP-MSS H1 ICP-OES 43#7 11 #3472
P25 FIRE AR DU 25 216 3 A% F0 10 A% b 7 f
PZNE R ITIER R (DL 0.25 g BEAE A R 100 mL
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Table 3 Precision and accuracy of the method

e ICP-MS ICP-OES
No. GBW GBW GBW GBW GBW GBW GBW GBW GBW GBW GBW GBW

07450 07453 07385 07386 07387 07405a 07450 07453 07385 07386 07387 07405a

1 50.90 87.54 71.12 6504 5939 11143 51.04 7824 73.62 6544 5445 119.70

2 4792 8451 69.02 6049 5589 108.65 4527 8680 67.66 6651 60.12 108.77

3 4885 8357 7060 6546 61.05 10741 4413 7732 7279 67.16 5640 117.46

4 50.11 88.01 6876 6327 5670 11407 4646 8226 6296 63.62 5856 108.33

5 51.83 8558 71.88 6485 5543 107.92 4722 81.07 69.81 63.30 5521 109.36

6 4945 8286 6880 6127 5843 11333 4607 7840 68.10 6353 5754 111.54

FHE 4984 8535 70.03 6340 5781 11047 4670 80.68 69.16 6493 57.05 11253
RSD/% 283 246 192 331 379 260 508 438 562 258 372 432

PRAEE R HAHRE L 4816 83+7  68+3 6243  58+2  108+8  48+6  83+7  68+3 6243  58+2 10848
RE/% 369 275 290 220 032 224 279 287 167 451 -167 4.02

TE: KR | MER L B AL mg/kg

4k W, ICP-MS Fll ICP-OES ] 5& 6 4~ Ff
Y RSD 435114 1.92%~3.79%H1 2.58%~ 5.62%,
RE 7351 H—0.32%~3.69%1-2.87%~4.51%, 2 Ff
J7 5 0 25 30 B 25 R (p<<0.05). BT
ICP-MS A6l 28 G4 A R 2 1k %) ol 1 s o
P 4k #H AR, H RSD /N F ICP-OES, & 4 5
4, B AR
2.6 ERREMNUE

ARSI Ve B S A8 5T 0.149 mm FLAZ G A9 XL
TSRS, BEAFERLCEATINGE 6 3K, T IR
YI(E A RSD(LAME T 231, 54~ 5K R0
BN Agy=1.2%. By ,;=1.4%. Cy;=1.0%. Dy ;=
1.5%. Ej,=1.2%), [Al Bf s (i 58, 717 00 2
23K, LABRIE J7 5 00 S F M 0 4 17 45 21 0 AT 5
Pk, 5 T3 4.

25 IR ZE AR : ICP-MS BRI Cy =

0.413 ng/L, C(,=0.421 ng/L, SEH{H C=0.417 ng/L,
PLREZ¥ 100 mL, FRFERD 0.25 g 3, 25 FHAl & >

0.17 mg/kg, fIK T i BR ; ICP-OES % #1132 ¥k B
Cy=0.003 7 ng/L, Cy,=—0.009 8 ng/L, - ¥ {H C,=
—0.006 1 ng/L, =5 FH il & /N TR H B . 25 Tl
ICAZ RO B0, P RESs s O & i v TR
HE BRI 10, S0 A i R R T R T T
VEAASH IR, F FLH SRR AT RE L F, AT DAAT RkE
I B H B, TCP-MS I 2 B T i, I
W 38 g e B 7R A IR TR RN /D, X R i 4
AN e ARG o 0 s AR A E A2 AL
IO 5 o BT L ) R, AR S A S0l BR 1 R
O VR, I 2E K JERE R G008 DERT R T B T
P, X 1.5, 10, 50, 100, 500 ng/L A bx o 75 0 it
AT , BRI A2 2Z )5 ph e #EHE A 1 min(FFAR ¥
IR IRAS | A B B 55 S M B AN TRl AU 1 7
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Table 4 Boron residue determined by boron standard solution (after 1 min cleaning)
BT B gk DR IWAR L5 e th H/UE
Standard solution concentration/(pug/L) Boron residue/(pg/L) Method allows boron residue/(pug/L) Remark

1 <0.207 0.5 ANTARE R
5 <0.207 0.5 ANTAR R
10 <0.207 0.5 ANTHEH R
50 0.385 0.5 ANTARE R
100 0.480 0.5 ANTAR R
500 0.891 0.5 KT BR

PRI ] ), ANV B A Z (B 1 R %5 1, DA
WA R A ICAE, 2553891 T 3% 4. W L, ICP-
MS FE I 22 1~ 10 pg/L BIAR M7 UG, {303 B 3
BB /N T 0.207 pg/L, LLSE 2 100 mL, FREE &
0.25 g 11, 25 FHAFEN 5 it /N T 0.08 mg/kg; 76
FE 50~ 100 pg/L MIAREE S, A A% 0 5% B
354 0.385 Fi1 0.480 pg/L, Bl & 4351k 0.15 il
0.19 mg/kg, /T ik Kt R 0.20 mg/kg, %M
e 72 - HERE SIS R, 4 R A T v
£ 0~ 100 pg/L 38 [l P, ] 98 2 DR ) 32 A2 238007
MR- ; 7RI E 500 pg/LIFRAER S, 12
PEEUBNEE BB M 0.891 pg/L, Bl &5l 0.36 mg/kg,
KT PR, 2 WAE D 8 A o ot 28230 Tl A

miJ T XA VR G A RRAR LI 2 o 4 TR
S LR RE S i AN T, TR SRR
B, B0 B 20 ASHE L, D2 1 b o ith Ze v 1]
W EE RN S A, WA RS bR o R 5 A
FAAL, LA 7 R IR 2% o

SEBRAE il S 25 R4 T4 5, ICP-MS #il ICP-
OES 1y I 22 45 R i 2 1 22 5% (p<<0.05), RSD
739 K 0.99%~1.82%F11 1.65%~3.64%, 2 Fl J7
338 B I e A 4 b 4 7 5 ICP-OES XHIK
WAL 55 i) RSD 4875 ICP-MS A B 4 iy ¥t fa o
P, AR ALES A FE AT AR &, RHRAE N L
FARZR & UL, T AR S bR DL A 15 1Y
Tk

x5 XEEENESER
Table 5 Determination results of actual samples

Y - ICP-MS ICP-OES
No. A B C D E A B C D E
1 26.51 37.90 114.16 159.59 76.35 26.05 40.33 112.68 151.16 77.56
2 26.78 39.29 11327 156.42 76.14 26.01 4151 114.65 151.66 76.98
3 26.75 38.14 114.66 157.45 7831 27.55 38.41 115.21 152.26 76.41
4 27.05 37.97 112.49 156.17 78.29 26.01 41.92 110.22 154.55 77.10
5 26.44 39.25 112.60 152.19 76.99 24.61 39.52 113.13 148.96 74.45
6 27.08 39.31 117.65 157.23 76.93 25.63 40.60 109.94 146.13 74.95
SFHEIH 26.77 38.64 114.14 156.51 77.17 25.67 39.82 111.51 148.52 75.33
RSD/% 0.99 1.82 1.68 1.56 121 3.64 3.19 1.95 1.93 1.65

e SFATINRE 61K, H Amg/kg

&it

AR T 3T WA P S 2 5 5 T
TV M Al 2k LA NayCO, {0
90, e 8595 LK T M RE i, 001 HC 7
i e, 38 3o ICP-MS U E At o 4y ik

3

A ROE, K HL 5 ICP-OES #4171 M, 2503
W1, B0 ok BE 5 1V G T ik L SR o, A 280kE S B
JL AR TE I i B P B A PR IR A AR
D) o M SE B i S 0k T v I AT, 20706 R i
JE v MBI TE L o T B ARG MERG R .
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