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Determination of 27 elements in irrigation water of major grain
producing areas in Heilongjiang by inductively coupled
plasma mass spectrometry
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(1. College of Chemical Engineering and Chemistry, Harbin Institute of Technology, Harbin 150001, China;
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ABSTRACT: Objective To establish a method for the determination of 27 elements in irrigation water by
inductively coupled plasma mass spectrometry, and to analyze and determine the irrigation water in major grain
producing areas of Heilongjiang province. Methods The working parameters of inductively coupled plasma mass
spectrometry were optimized. °Li, *Sc, "Ge, "*In and **Bi were used as internal standard elements. The water
samples were filtered by 0.45 pm filter membrane and then determined by inductively coupled plasma mass
spectrometry. Results The instrument parameters were optimized to effectively overcome various disturbances, and
the method indicators, such as the precision, the linear range as well as the regression coefficients, were consistent
with the standards. The correlation coefficients were all greater than 0.999. The detection limits were obtained
between 0.0010-0.56 pg/L, and the limits of quantification were between 0.0033—1.9 pg/L. The recovery rates were
between 84.1%—104.9%, with the relative standard deviations between 0.07%—4.5%. Conclusion The established
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method is simple, rapid, and accurate, which is applicable to the determination of elements in water ofirrigation

water.

KEY WORDS: inductively coupled plasma mass spectrometry; irrigation water; multi-elements; grainproducing

areas
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Bifi 25 oMb RN T (9 Rl R SR, — 25 oK e HE R A
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Bk, 155 5500 R v 2 B0 IE X 0 1S e
AR b A B R b, 4 AR E A E
BRI NREEEARE) X, KFEFMAIRE 6000
TiET, JLHEREK b B E G s A AR ™ E S e K RS ) B
G JE ik, DRI s R £ 7 DI A e W, e R
IKOK BTG4, X O e N J B A e H AT R L B2 A 3 o

FEE T MK TR k2 R A=k R IR
WO | R F PR (Hak e A — R 1 R
FRAE, BOAEML AL 2EH, HAEXT HocRE NN, HE
18 . WCRME, HEMUHRAE, BEERE. THREED
K FH IR A 45 B TR U353 (inductively coupled plasma
source mass spectrometry, ICP-MS)l 5 - & FI7E M K #6 4
6 FhorE; RIFARSEEUR SR A 5 R T
FEHEWK 7 MESE . SRR A, B
B G E B FIRTEL R R . RS %
FERNUER BEGT | 2R T PRl 98 0 i 12,

B, FoEVEBK TR AR FEE 6~8 Mt
TR0 R, XX PRI 0L, AW 5T g ST HUBRER & 55 B T
M TR I R A R 27 FPOT R, T ERIETA E
BT XVEWE K HEAT A3 i A, SRy T TR K K 5T i 4
A RER AR S, WP T AR R IR LA N R )™ X
IKIITCR TGO, R I S 5% 35 Sl

2 HHSHE

2.1 {5

iCAP Q HLEHE G 55 B F 1 T 1% (Y (32 [# Thermo 23 A]);
CP324S Ji43Z—HFRV-(f8E Sartorius 24 H); Milli-Q
Academic #4li/K HL(3EE Millipore 22 7).

IREPRMEN & (Ca, Fe, K, Mg, Na, Ag. Al Be.
Pb. Cd. Co. Cr, Cu. As. Se. Mn, Ba. Zn, Mo. Ni,
Sb, Th, Tl, V. U)K N 1000 mg/L, 3[E Aglient A H));
K (He) G EARMEE W . 2 (L) e EAR e W (R E A
1000 mg/L, HEFFFIHRBTERE); AR UhRHEY) B (R5E R
PR R S AESERT); BUIE RIS (Be, Ce. Fe. In. Li,
Mg, Pb, U)K K 1 pg/L, 3£ Thermo 2AH]); PR N

il

PRI (Bi. Sc. Ge. In)(HEE 1000 pg/L, £[E Aglient
o), TR EEFK, mEHE =182 MQ cm,
2.2 KHEXRE

A ITAR N EE 5 RIS ALSE AL VI . TR
B AP BT AN S I BT, 5
JE PR TAE A HRE M ) R AR o ARTHFEAEMMARIL | BT
PR VA IR B i R B . kB fE
KRB, BKEL. PEE. FFAMRE. HPHLE . B
B, A9PEEE, LG Bk BV A7, Fie s (R IR
IS o W DU AR ) TR il SR AR A BESR A TR A
PRAE, SRAESEEE N 2036 SLIR 2= A6 .

23 ELWHE
231 BBELH

RF I 1550 W, 81 E: 1925 V, Fkfe E:
1175 V, i fE < (He)ii % : 4.0 L/min, 21k 2% (Ar) ¥k :
1.05 L/min, &S (Ar)ifiE: 14 L/min, HB)S (Ar)ifiE:
0.8 L/min, RFEIRE: 5.0 mm, 30783 40 r/min, BUERT
[6]: 45 s,

232 AREEIREE AN ARECH

Li PRGN (I SYelil BRva MO FLAR VA W% B
B, EHIFRITR R 0.0.5.0,10.0,20.0, 50.0,, 100.0 pg/L.

Hg FrUfEZRF: R 2% HNO, fil 5% HCl ZZ4% Hg
FTTRPR R R R, EO I TR B 0.00. 0.05. 0.10.
0.50. 1.00. 2.00 pg/L.

RAPRERS): R S%IHBRIE BCR R A TR R %
FHRE, BCH Uik, Hp Ca, Fe, K. Mg, Na iUif
JE4 0.0, 0.5, 1.0, 2.0, 5.0, 10.0 mg/L; Ag, Al Be,
Pb., Cd, Co., Cr, Cu, As., Se, Mn, Ba, Zn, Mo, Ni,
Sb. Th. Tl. V. U [¥KEEH 0.0, 5.0 . 10.0. 20.0. 50.0,
100.0 pg/L,

AR SR FHB SIACK NARETRETT 100 56 RS,
fic ik FE A 10 ng/mL RSP -

233 HRRE

B HEBE AR AKREZ 0.45 um JEIEGSIE, #2550 mL
WIHRVETR, RBRAKFE A WL R RTRY R T, AR5
W4 52505 FH B W 3 F HNO, 1A pH < 2. £ £k 5| AR, N
FRVRE 5 I RE IR B =3B 101 A IR
IR, Wil . RS HER IR IR
HERENTT 5 AALES, SEAT BTl o
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FALYEF . SRR FE T, vERAAL S 5%
D BB eSO RT, R LA I A v A N R AR
N Fe i T S A A, R 1.0 ng/L W (Ba. Bi.
Ce. Co. In. Li. U)i471iil, fitk ICP-MS S8, WfE#k
S CREERE RSN E S, HREE . SR,
WLELfif L BRI R & S B0 200K

e T B ZURRE IR, FRBRRS . ARIRIE

PRIE NARICER B TERE ROEAE dh R AEAE, 5T IDCER I 5
RO R AL, RN, WAMEOTR. N T
ARSI, SRR SR, IF200 A R I 52 oo
RIVTE, SREFET °Li, ®Sc, ¥y, PIn, Tb A1 *”Bi
6 FPNFRICER, M TRIEAR R ERITER .
32 ZMSEEREHIR. E2R

I B PR R RS, RIS TR R r 1y
KT 0.999, LePE RAF. ARAEAG BRI Jr ik, HE8liE ke
b2 IR 1T O, TR CR AR ER 22, L 3 A b fi
ZERTXE LA OCR UL IR R, LU 10 A5 AR fi 22 BT
XA CE MR B N Tk E R . 45 R 1.

®1 JBRLREEXRY. RURKEER

Table 1 Linear correlations, detection limits and quantification limits of trace elements

TR ik LT SRR (D Gt FR/(ug/L) E R /(ng/L)
Li 7 Y=10.6889X+0.0534 1.0000 0.068 0.23
Be 9 Y=52.0297X+2.1436 1.0000 0.026 0.086
Na 23 Y=381684.6263X+5586.2547 0.9997 0.52 1.7
Mg 24 Y=159770.2891X+117.7785 1.0000 0.31 1.0
Al 27 Y=38.0226X+17.2223 0.9999 0.19 0.62
K 39 Y=86098.7307X+2060.7286 0.9995 0.41 1.4
Ca 44 Y=5887.6646X+343.8941 1.0000 0.56 1.9
A\ 51 Y=2912.7202X+33.8890 0.9995 0.0057 0.019
Cr 52 Y=4520.5563X+29.4445 0.9995 0.0057 0.019
Mn 55 Y=1864.7209X+65.0003 0.9998 0.0088 0.029
Fe 57 Y=94241.6516X+53.8912 0.9992 0.43 1.4
Co 59 Y=8753.6792X+11.1111 1.0000 0.0016 0.0053
Ni 60 Y=2360.1951X+182.2238 0.9998 0.0020 0.0067
Cu 63 Y=6521.6934X+173.8906 0.9998 0.0033 0.011
Zn 66 Y=1244.9839X+364.4504 0.9997 0.011 0.038
Ag 107 Y=18538.1773X+200.0019 1.0000 0.0010 0.0033
Cd 111 Y=2756.6729X+2.2222 1.0000 0.0017 0.0057
Sb 121 Y=4683.9428X+4020.0972 0.9997 0.023 0.076
Ba 137 Y=1752.7113X+31.1112 1.0000 0.011 0.036
As 75 Y=451.7623X+3.8889 1.0000 0.026 0.087
Se 71 Y=20.1499X+8.3333 0.9999 0.35 1.2
Mo 95 Y=4018.1770X+4.4445 0.9995 0.0012 0.0040
Hg 202 Y=10585.0670X+197.7797 0.9993 0.0089 0.030
T1 205 Y=77468.49.4902X+37.7779 0.9999 0.0011 0.0033
Pb 208 Y=54094.1197X+1316.7448 1.0000 0.0047 0.016
Th 232 Y=103872.5482X+38.8890 1.0000 0.002 0.0067
U 238 Y=122602.5285X+99.4451 0.9997 0.002 0.0067
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Table 2 Recoveries and precision of the method (N=7)

JLE kR (pg/L)  EIEE/%  RSD/%  HFREE/(ug/L)  ENEER/% RSD/% JinbrE/(ug/L) B/ % RSD/%

Li 5 99.0 2.5 20 98.9 2.8 50 104.1 2.8
Be 5 94.6 22 20 98.0 35 50 98.2 2.3
Na 0.5 95.8 1.9 2 94.8 3.1 5 971.7 4.5
Mg 0.5 93.8 2.4 2 99.7 3.8 5 99.9 3.0
Al 5 93.4 1.8 20 98.7 0.59 50 97.2 2.2
K 0.5 92.5 1.3 2 100.3 1.0 5 100.0 35
Ca 0.5 96.2 3.0 2 99.8 1.9 5 99.5 2.8
v 5 84.1 2.7 20 95.4 1.6 50 94.8 1.6
Cr 5 86.8 0.33 20 91.8 1.3 50 97.9 2.4
Mn 5 86.2 0.84 20 89.0 2.2 50 99.9 2.5
Fe 0.5 88.9 2.1 2 92.5 2.1 5 953 0.77
Co 5 94.6 0.31 20 98.2 1.5 50 99.8 0.79
Ni 5 92.2 0.44 20 99.0 33 50 99.9 3.9
Cu 5 86.7 0.25 20 99.1 0.21 50 98.7 1.7
Zn 5 93.3 1.1 20 100.7 0.29 50 101.4 2.2
Ag 5 95.1 1.9 20 101.2 0.27 50 100.9 2.5
Cd 5 97.2 1.8 20 99.4 0.10 50 100.3 1.4
Sb 5 98.6 0.07 20 96.1 0.13 50 97.6 1.7
Ba 5 90.1 0.11 20 99.0 0.20 50 102.8 1.2
As 5 87.9 0.13 20 94.3 1.83 50 99.2 2.1
Se 5 91.4 3.3 20 96.3 2.8 50 98.3 3.8
Mo 5 92.7 2.2 20 86.6 2.7 50 90.2 3.1
Hg 5 85.7 1.9 20 92.7 0.12 50 91.6 0.23
Tl 5 88.6 2.5 20 98.5 0.22 50 95.7 0.72
Pb 5 99.7 1.9 20 99.4 0.72 50 100.7 0.63
Th 5 86.4 1.5 20 95.1 33 50 92.8 2.4

U 5 101.7 3.2 20 102.3 3.0 50 104.9 2.5
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Table 3 Determination of standard reference material

EA3 %= JLH PRUEE/(mg/L) W5 1/ (mg/L) RSD/%
Inorganic ventures Be 0.832+0.005 0.833 1.3
GSB07-3185-2014 Na 1.30+0.05 1.29 1.1

GSBZ 50020-9002602 Mg 0.50+0.03 0.51 2.4
Inorganic ventures Al 3.952+0.021 3.945 0.33
GSBZ 50020-9002602 K 1.50+0.08 1.53 1.4
GSB07-3185-2014 Ca 2.03+0.11 2.12 1.7
Inorganic ventures \Y 1.872+0.009 1.870 2.1
GSBZ 50009-88 200926-09A Cr 0.496+0.025 0.483 1.6
GSB07-1189-2000 Mg 0.603+0.029 0.608 0.60
GSB07-1188-2000 Fe 0.491+0.034 0.515 2.0
Inorganic ventures Co 0.936+0.005 0.933 1.2
GSB07-1186-2000 Ni 0.65140.030 0.678 1.1
GSBZ 50009-88 200926-09A Cu 1.10+0.04 1.07 2.8
GSB07-1184-2000 Zn 0.356+0.016 0.359 2.5
Inorganic ventures Ag 0.927+0.005 0.920 0.09
GSBZ 50009-88 200926-09A Cd 0.113+0.005 0.113 0.41
GSB07-1376-200104902 Sb 2.01£0.15 2.15 3.5
GSBZ 50039-95 Ba 1.00+0.08 1.07 1.9
GSB 5004-88 As 0.152+0.008 0.160 0.42
GSB 50031-94 Se 6.94+0.95 7.35 0.75
Inorganic ventures T1 0.824+0.006 0.830 0.29
GSB07-1183-2000 Pb 0.2994+0.017 0.302 2.7
R4 TRIXEBERKPTREHEE
Table 4 Average contents of elements in irrigation water in different regions
TLR AR FAREVL I EDiN AR B HEFHTR L IRV U CARTREY
Ca/(mg/kg) 40.0 17.3 18.7 41.5 35.8
Na/(mg/kg) 12.1 5.52 10.5 14.1 25.0
Mg/(mg/kg) 6.01 4.43 5.58 8.10 13.0
K/(mg/kg) 2.94 2.40 1.78 4.68 6.95
Fe/(mg/kg) 1.19 0.554 0.502 0.963 1.85
Mn/(pg/kg) 74.1 92.8 12.4 31.7 47.7
Zn/(ng/kg) 19.2 11.7 27.7 13.5 13.4
Cu/(pg/kg) 14.7 16.1 27.8 29.7 35.6
Mo/(ng/kg) 0.605 0.725 2.05 1.09 1.31
Co/(ng/kg) 0.253 0.331 0.0954 0.796 1.69
Se/(ng/kg) 0.201 0.248 0.264 0.778 0.649
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TCR AR PATETL I L3355 BT i 40 PRI BT T 38R
Cr/(pg/ke) 3.26 1.75 2.41 6.87 11.9
Pb/(ng/kg) 0.649 0.956 1.07 1.18 2.99
As/(ug/kg) 1.89 452 0.724 3.28 1.94
Cd/(ug/kg) 0.0300 0.0300 0.0300 0.0300 0.0300
Hg/(ug/kg) 0.0350 0.0350 0.0350 0.0350 0.0350
Th/(ug/kg) 0.500 0.187 0.202 0.181 0.267
U/(ug/ke) 0.299 0.278 0.386 0.381 0.644
Tl/(ug/kg) 0.0100 0.0100 0.0100 0.0100 0.0100
Ag/(ng/kg) 0.0300 0.0300 0.0300 0.0300 0.0300
Al/(ug/kg) 251 115 81.9 495 500
Ba/(ug/kg) 281 13.1 40.5 69.6 101
V/(ug/kg) 1.36 1.24 0.530 1.62 2.54
Be/(ug/kg) 0.0683 0.0507 0.0300 0.103 0.129
Sb/(ug/kg) 2.16 432 1.32 1.90 3.11
Ni/(ug/kg) 1.06 0.887 1.02 2.10 12.6
Li/(ug/kg) 3.12 2.82 6.01 8.60 19.8
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