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Comparative Study of Extraction and Determination Methods for Soil Available Boron
SUN Yufang, HUANG Rong, WANG Lu, YIN Yuan, ZHU Bo, TANG Haoye*
(Soil and Environment Analysis Center, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China)

Abstract: This paper proposed a boiling water batch extraction—ICP-OES method for determining soil available boron (SAB),
and compared its determination results with three other methods, i.e., boiling water extraction—curcumin colorimetric method,
boiling water extraction—ICP-OES method, boiling water bath extraction—curcumin colorimetric method. By discussing the
detection limits, method detection limits, and determination precision and accuracy of the four above methods, and comparing and
analyzing six standard reference materials of high, medium, and low available boron contents from different regions and four
actual soil samples, the key factors and method correlations of the four methods were explored. The results showed that the
proposed method was simpler and more convenient to operate, with lower detection limits, fewer interference factors, and better
repeatability, thus it is suitable for batch sample analysis and determination of various sample types. This comparative study can
provide reference for laboratories to carry out research on SAB determination methods, and also can provide technical supports in
method selection, efficiency improvement and quality assurance for the testing laboratories which conduct soil sample
determination of “The Third National Soil Survey”.
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Inductively coupled plasma optical emission spectrometry (ICP-OES) method; Nitrate
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BT 90% LA 1 (A bl 38 oA R 2 A T
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GBWO07458a(*2+, pH 7.10 + 0.06)F1 GBW07459a
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FHHY EH35B AU AR CGEIAZEFE), 150 mL A7 9 = £
B (RCA A s BE MR R ) s WhK VA B2 U S
FHH ZSBB-728 AUAH IR A AR (I 5K), 100 mL 42
JiE B0 (PC APRE, i, AT AT 100 C DAL
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BT ARG A T BRIBGHE SETRLg) H y A0
I FH ARV S IR O g i, e e AR
b, BT R EEE | S TR LR 0 KA SRR
~ICP-OES ¥& T -5 200 i I 22 .

LB AERRIFREL 10.00 g 24t 2 mm fLARJE B
B X IRFE T 100 mL (6388 525 A9 A o L 35 285 004
(PC H ), HIA 20.00 mL 4K, FFHMIESIX
B RE SR 21 G AR KA T (100 £ 1) Chn

(A)

AR (mg/ke)
=

0.8F

0.6

0 2 4 6 § 10 12 14 16
ki (a] (min)
E1

1A EW], (R T, AVEIEDN 5 min
I I A RO R K, 2 B A W N TR] A

B, 2915 min JEHES R ELE 99 C(AIE S 7E—
BOAE AR BE TR R Y IR IR ARk I
B 23 BRUAARATHERR AR PN IR B ), HEAf TS 40 min.
B B0, P HRAHE 2 %R 0 e e AR g .
b VRS AR SRSV, AT 0.45 pm ZK PR
PR uE, DS S IR

FLHHH ICP-OES I JEv h i il & & . WIS
SERUAHEEE] ICP-OES 2 iy 4Ry ik, LU
HEBR AT AT {8 SRS G Xl o 25 AL i 5
124 BKIBRER-ZER LA ZNR LT
1.2.3 WK B E-ICP-OES V: 32 BUA R A s L F
FHZE B3R A e A 80 B i, AT AR A s 7K A L
~HWR ORI R,

A B LA RO BRI 5 i R o A SR
FRIRZ I | AP R[] — B i /K SR B 22 8 3R e ik
(1.2.1)5 ICP-OES ¥ (1.2.2) il 34 %o
[l — O BB W, W6 BB KV $2 LY ICP-OES ik
(1.2.3) 522 B0 2 H 48,15 (1.2.4) 00 58 43804 2000 48 1 )
— O PRI o A ORI el PR R — 3k, DA
TG Ml STV R U BN [0 5 5k 22 (] A AH DG o

2 HERE4SWH

KR EN 5 ik ok A R B 8]
FEBRKBRIOE b, 2 I R (e 84 45 Ao i) <
A HE B R AT SN AT i AR SO S5 B - 4R
HEYIT GBWO7413b s 43845 500 £ 8 B2 3 Fsf ]
R g st ) R AR A O o S0 R i BRI ) 2% 14
AN, AR 1.2.1 Bk -2 R ks
SRIBCLRERAE S WK HR B 20 s TRDXHIN R 45 SR 1Y 52
WE LA, RV BE AL 2 45 SR A s an &l 1B,

(B)

21

SR PSS S

AR (mg/kg)
=

0.8}

0.6

0 2 4 6 8 10 12 14 16
PR EEIE] (min)

BT 8] (A)FR 172 B AT B (B) M i K IR B -E H R L @XM EB LM S EMF I

T, e SE R R RSN, AR A 2R
F 1B M, 7RI &4 T, B A EER RS 5 min

http://soils.issas.ac.cn



5 4 19

INETFEE . A RO BRI R N 5 7 He e 917

J& O B (TR, AEJR RN NS, XS
FIE A A1 A V2 0 3 2 vl 8 5 A Ko 7 i A B A A R A
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9501 _eo— GBWO07415b
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2 HIKBIRERAT 8] 3 E 45 SR A S

&2 WFINTE T B 75 SR A BR A TE TS PR

FE s /K 2 HL-ICP-OES WK -Z R LA 7K 1% 2 HL-ICP-OES WAKHIRR- LR R LA
(mg/kg) (mg/kg) (mg/kg) (mg/kg)

CK1 0.020 0.023 0.008 0.032

CK2 0.024 0.026 0.016 0.033

CK3 0.020 0.027 0.016 0.030

CK4 0.012 0.027 0.006 0.028

CK5 0.008 0.025 0.010 0.028

CK6 0.010 0.036 0.012 0.030

CK7 0.010 0.040 0.010 0.031

CKS8 0.032 0.054 0.012 0.017

CK9 0.020 0.017 0.012 0.016
CK10 0.010 0.026 0.006 0.026
CK11 0.030 0.044 0.012 0.033
¥ifE 0.018 0.031 0.011 0.028
b2 0.008 0.011 0.003 0.006

J5 ik B MDL 0.023 0.030 0.009 0.016
5 T R 4MDL 0.094 0.120 0.037 0.065
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P52 Bl KSR IOE A T PR = Tk A IR SRR
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FE RN —S0Ss 52 00 28 FUERS B RISk 7 B B o) i
T 175 DL WT ) AR — Bt R I 1 48 (BRI o X B
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e ] AR m 28 FUE, BT 20 & LT
0.12 mg/kg A 3ERE SIS H
23 FiERBEEEEWE

T3 A BE 43 BT T LA Bl 2 VA 0 AT SR A
Kawt, DLR e S0 25 SR A iR 25 . AR S 6 )y

ARG RN T E S M R, DT LA 8 T AT S R A
R S5 45 T o AR SCHUA R 75 0 11 PRl P ARG DA B AS
A 6 Fh - 4R EY) i (GBW07412b . GBW
07413b. GBW07414b, GBW07417b. GBW07458a.
GBWO07459a), KA FTiTIE R 4 Foa 80 & ik,

BOE LI E N 95% WY EAF X [H], X RS 25 B2 R E A
JEVEAT 00T o BEFP SRR BOPA TN E 7 IR, 430l
THAAS R A RO & i, I ShRMEEET I A
[7) Ak PHE 7 ) = A v 40 I 114 235 R KON %5 LA
T3 3,

Fz3 TEREVRENMESENELR
EETE R /KR BL-ICP-OES PR -EE R LG KA IRE-ICP-OES  Bi/KIRIRE-EHE LG bRifEl
W(E  SD RSD 45 SD RSD ¥4 SD  RSD iy  SD  Rsp  (Mgke)
(mg/kg) (mg/kg) (%) (mgkg) (mgkg) (%) (mgkg) (mgkg) (%)  (mgkg) (mgkg) (%)

GBWO7412b 044 002 455 071 005 704 041 001 244 064 004 625 0.46+0.10
GBWO07413b  1.02 008 7.84 120 013 108 108 006 556 116 012 103 113+0.11
GBWO7414b  0.64 004 625 067 006 896 071 001 141 073 001 137 0.74+0.11
GBWO07417b 008 001 125 017 003 176 015 001 667 022 004 182 0.13+0.04
GBWO07458a 058 002 345 074 004 541 067 007 104 080 001 125 0.68=0.08
GBWO07459a 826 041 496 107 058 542 954 015 157 128 076 594 9.70+1.20
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PRI RS BB . BEAh, WA A S TR IR R
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—ICP-OES 13 AN /] A= e o) o (1) 1E A B2 S 7 A
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NAFE—Z T X AREY) it GBWO07417b, ik
FEUL-ICP-OES A& 25 R Mm%, H 22 8 R kI e 45
S, PTRBSE B T IX 3 A7 vk ri e T BRRIAF
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T 7 A28 K A 2 XU
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12} o WK E LA v
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24 MELSEAHEMXEZWEER

N T AT TR 4 PO AT IEAE SRR A E
HBTE I, HFHE— 2P RS ] REAF 15 B HAt S R
PR, ASSCIEIOKR B AR TR 4 FAS R S2BRAE dht
FI A 3 3, A5 IE AR M L 2 IF 2 Ry o0
Fr, JEXFEE AT 5 W, 4 R RTRE AT A%

T 55 2 0 S 25 SR AN 3R 4 BT

MESERER, MTF Y19 M Y54 BEf5h, 4 Fhy
RIMEER 2 SR PUR-1 SRR, ZREA
S RIS 50%, KA KW, TEPR-1 5
FEa T, 28R LA AT B0 I 2 T RE A 7RI
AL S

x4 TREEHERBYMSENE

FEdh s /K2 HL-ICP-OES WK RI-EER LA K42 HL-1CP-OES WKL R R ILE
Bl SD RSD St SD RSD ¥ SD RSD ¥t SD RSD

(mg/kg) (mgkg) (%) (mghkg) (mgkg) (%)  (mgkg) (mgkg) (%)  (mgkg) (mgkg) (%)

PEE-1 12.8 0.16 13 7.7 0.28 3.6 13.1 0.12 0.9 10.8 0.57 5.3
Y 19(%#0) 0.17 0.02 12 0.18 0.06 33 0.18 0.02 8 0.20 0.02 10
Y440 %) 0.12 0.01 8.3 0.12 0.03 25 0.13 0.01 8 0.20 0.005 25
Y54(H#) 0.89 0.05 5.6 0.85 0.09 11 0.83 0.03 4 0.84 0.04 48

HEBRIZAE ML LR B P AR 0L, ZE R | R
RN A SR A PR ZN 2 R — MR, LSl T
ROATHERRFE S LA oT R AR 41 . KL B L B
55 25 gy Ak A 3R R LA € 2855 0 TR B S ) T
PO St — A SRV SR AR R . PR e
B2 HRTZE B I ), T R IX 3 iR AR
B R R, U HSR AR 3P Williams
Al Viamis* 57 2 W 3 KR AR SR A7 e SR
ZWR O, FEC SRR,

MR SRR, BIAVOR-1 5 FF 5 09 A S0 4
PO RS FR M & 536 33.7 mg/L. NE— ST AN IR
X LW E G AWV R, AR SCRTTE
55, TESA 0.35 pg B AT LU INAS [R) ve FE (1)
THMRAR , UURERAT RO 4 B rh A TR AR 3 %) T3
IR HRIR 25 3 25 LB TR W25 SR e i AR B S
SRR AW IR A A E] 20 mg/L DU Lax)
LB LA i A B (A 4).
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S5 000 IE B PR R ] S
2.5 FHiEHEXERBRRAEEN

K Origin 2018 FAEXT 4 Fh a1l E + 34 3L
W& RRYEER, RS HGER 2). 6 R bR
YIFE(ER 3). 4 DA SEBRAE S (6 H)IEATEUE3#T
FEUAA RO 5 25 AR IE S 434 (P<0.05) R
Spearman FHC/ AT, & BEEKIEE-ICP-OES , #i/K
PEH-ZE W R LA /KA E-ICP-OES 5K
B —22 95 2 b 5 45 B b A W 3 O O OE M O,
r>0.952(3% 5), 4 B il e 45 R B A AT

SR, TERE A I 22 o R Hh 75 B S50 25 35y
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