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AR IE SR TR EVEZE S . ICP-OES ¥ AAS Sk IRIICR | K 30T A0k (OB if-1CP-OES ¥
FIRRHED) ST DR 0 110% ., 108%, 6 UFATIE RIAISTAREIR 254 0.80% . (e TH fif—AAS TR ABRIEY) 5 Rl
FAHR 109% . 108%, 6 UEATINAE BIAIRTbRUEMR 22 1.29% . 5 AAS B LL, TCP-OES 32 ARG 2 B Filba e i &
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AWFT IS T 0% T # -1CP-OES % DA & AAS
P e 2 A TR R BE ST R & s AR Uy v, ek
T 2R TR B e M L ORS  RE LGE M. PSR B
B2 Fh A A REAI AR E D) 5T LA K 15 FpOASTR] =1 . AN
[FIEE TR . AR 8E % & i AR IR AR R R X 42,
FAL B 7 T 40 B T K B T R 7R S GBIT
19203—2003 H (RS IR — o SR FEL AR T A v il %
FESR S, H ] ICP-OES BT 5, & TR
[ H IR 2 0 I 5 SR s 5 Rl e . 43 el
I ICP-OES 7% . AAS % LA & GB/T 19203—2003 H
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b= K4 K5 U ViR IWIRFS
AOAC 2017.02 HIURHPf . #8. 5. 85 &k, 4. 2k, E| IR + ERIR S T it ICP-OES i
By BEL ER.OBH. R BFIEERGINE
AOAC 965.09 JLAEH P TT R T IE (Ca, Cu FH fEHE: b AAS ¥
Fe. Mg. Mn. Zn) SANLUEIEE: 500°CH5E 1 h, FRNERRR
THEEITER . AR + AR AR + Hh

NIRRT (2022) HA 550°C KAk, + b2 AAS
450°C Ak + K ICP-OES

NY/T 11172010 ZKIEHEAEL 85, 8. fi. Wamiile  pEgRl KR AAS 3
175 ICP-OES i

i

1 #RERZE

11 AR Bl

F2 BAN A LA R A R AR R O AN
(iCAP 7400 Duo MFC) | JEFWUs 6T (Pi-
nAAcle 900T ) . 73 Hr KF (0 ~ 220 g, 0.1 mg) .
Bige (1 ~ 10 mL. 100 ~ 1000 pL) . ik i i
X (MARS6) . A A& NN ( DB-2EFS ),

TR (Rl ) . mAER (g
afi ) . R (PRl ) . R (1+41) . FALH
W (20 /L) . 3RIRFEENE . M. = LM
(143) . SAALBIEW (200 g/L) . FEMER (10
oL) . 2 - FIEZ AW (pH=10) . fLEA
SR (1 /L), sz - WIET B FE

e (FRIFRESE R R ) . MRPEH i K- %%
W2k BIRGHE/R . SEB0 T R AR 25 S bR
HHALEEEAN, Yo AR G50, SEgl e el 7k 34
F—ZK

BEHROTR B W MEY BT [ GBW (E) 080126,
1000 pg/mL | . R R 41 (EDTA) brifEiik
SEVWE [ GBW (E) 083389, 0.02002 mol/L ]
1.2 SEERHE

WF e I T 28 2 & I8 B 45 W IR
[ GBW06135, Mg (0.81+0.10) %; GBW06140, Mg
(0.74+0.10)% |, VUK 15 FASEF=H . AS[EBETR |
ANTRVEE & AL IERE i, AR S BT IR 2. AR
T RGH BIF 25 i 0.50 mm FLARIREE T

x2 HmER

Al FRGR 24 R i SRR EEBER
1 AR i) WRE . BRI SEEREIT LRI
2 HA R M BRI . BETR — B . BPIRBEIR AT R —
3 FANTR O WA TR . BEAR . BRARET . A . ST PR ES HEALAT S WERR T
4 EANERE L W BRIR . BERR . BRI gk, SULHR. SRR . B THRAERRES . Bk
5 AR sl WA R BERR . BERR . DURRER . RIBERRET . M. BER RO BRI, BER
6 HA Nk BT RE . R . BERR. FUALBE. AHLB. SULER . BRRRED AL
7 FANTR IS PRE . BERR—%% . BRRRET . FHEERRAC PERERRIC . BERR 4%
8 KN IIFR JRE . TR —4k . AEFRET . BERR U0, BURREE. 2EA4S AR EE
9 AR il WREREL . IRER . BRRR . BREREP . SULEE SEAREE . R4k
10 HAER Lol RE . R4k SULHT ., BFRBE BRR—F . WRREE
11 KA il TSTRES . fiMR%E: . EDTA-Zn. EDTA-Cu, EDTA-Mn TR e
12 AR ZHi PR . BERR 8k SALEAT . SULER . I BERRES AR % . 1T BEERAS
13 AR ZH RE . R R, SRR WiRREK . FREEREIC . mRiRbE WL B EEREAD
14 SR FNL] Skt ERERRES . SULED TR
15 IR — = W% Rk
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1.3 IR
1.3.1 MR PE
1.3.1.1  fPR - M AR BRI s S T
L GB/T 19203—2003 3.3.2 7,
1.3.1.2  EREBEE ML WERPRIZY 1 g i,
P 2L AR N, B IR FE RG2S 2R BE I
T T T A Y, B A 10 mL E
K, FEERTHE 1 h, XTFERIETHINIE, 45 1h
JEFE SRS S ToK RN, WFEFHRELR . &
LA E PR T IR E S S, AR
AR CERESY S TRV TRIZL, 55 7% S
MO PR R ) W E TR AOHEFET . 7E 10 min
PN T 22 1 b = 3R B TR 160°C, FEES 2 4
10 min PR FRIRFEFE 160°C. SERTHALIG & H &
i, B EERLE] 100 mL 2, Tk
BZRZIB, B, Tk, mhEv)) L2 e,
Gl
132 BEfailE
1.3.2.1 EDTA-2Na #¥ % W 22 J7 ¥ 1% WL GB/T
19203—2003 3.4 7,
1.3.2.2 ICP-OES % A #F 4. % B 7 W0 I A%
X FEH; LA AL 115 kW; ZF1ik
#r Uil i 0.7 L/ming B B <% &2 0.5 Liming f%
KA E] . 30 s; FES PPERIFTR]: 55 s; TR K.
285.213 nm, ( AL F&AF H A X T 85 8 iCAP
7400 Duo MFC. ) FLJBGHE & 45 B T R BHEIEAYL )
53 0 W SBCEE FRLOT R U WRPR HE ) BT 0.0, 0.2,
0.5, 1.0, 2.0, 40, 10.0 mL F 7> 100 mL &
KRR ZIEE, IRS) . BBk B4 5ok
0. 2.5, 10, 20, 40, 100 mg/L AL 2 %1 b i 14
o H ICP-OES M558 22 5 bn VS W I 4 S ik B2
DA PR VA T B 0 L SV B R AR b, AR
SR EE AL RR, il bR iE M S B S B R
13001 5 1302 o a i AR, B
AT 2 YA TINE , B2 Y5 45 SR A B B2 E

B I E 4
B o, PEEBEDE (%) Fn, 1%
(1) 5.
o= M (1)
my X 10

AP VOREAE R, mL; m, AR AL
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8, g;pi A EBRIE 2P AE S VAR B I T ik
B, mg/L; D, R AR R R R B4
1323 AASYTE AR A& MF: ATk K 285.21
nm; REETERE: 0.7 nm; KIGEHL. P/ HER;
LBt 2.0 Liming 25 it : 10.0 L/ming W
M 0.0 mme (AAUAFSFA HE X THIS Pi-
nAAcle 900T Y J WL R )

W HRUEE FROT BRI AREY) BT 0.50 mL T 100 mL
I, A 10 mL SRRV, H/KEZR, e
il S5 v R 5 mg/L O BEBRME TR T, P43 01 I R
0.00, 0.25, 0.50, 1.00, 1.50. 2.00 mL EEARIEIR K
T 61~ 50 mL &, 43l 2 mL 5 R A TR
125 mL AR, HKEZE, WA, B
HHEE M54 0.00, 0.025, 0.05. 0.10, 0.15, 0.20
mg/L I EE RIIARHER W i AAS 7R < 285.21
nm &b, TR R - OBk tE, DB RS
0 mg/L PRIV WA S LR REE, I 45 brife
VWA . DA AR VA TR 1) T s R . (mg/
L) AR, AN WOCIE S AR, 2l T AR
HIEE

W B — o R BRI R (1.3.1.1 5 1.3.1.2)
F 50 mL A, A 2 mL ERFREE WA 2.5 mL
SFALBAR, FHAGESR, WA 1E 5 triE RS
PSR RIS 25 F S, e HOE, 78 TARE
2 AT AR EE Y B . BRI T 2 IO
FFIRE, B2 YR E 48 R 0 A Y (B oM B 5 i
e 45

BEOE o, EEMITESE (%) FoR, %K
(2) it&.

P XD, xV

O X 10°

Rrb VoRERE BT, mL; mo AR A8

B, g; po A FHBRIE T2 P ASAE VA E Y o i ik
B, mg/L; Dy S B R TR A R A A

2 ERESH

2.1 $REUOT R LAY

3 I AR — v SR R AR T A 72 R K Bk
DT 7 A R 2 AN A R R R L B 15 Ak
REARE S, 8 ICP-OES 321 /& BE S i, I 2 4%
REMZE 3.
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F3 FRERRFAENNESESR (%)

F S P FR e - m iz LKk
FL R T e T it
GBWO06135  HANEkMRHEY T 0.90 0.89
GBWO06140  ZANEERUEY T 0.80 0.80
1 AR 1.18 1.16
2 Ak 0.85 0.76
3 HENE 1.74 1.78
4 AR 1.15 1.04
5 AR 3.38 3.46
6 ANk 2.62 2.62
7 HENE 0.92 0.89
8 KR NEL 0.18 0.18
9 HANE 3.34 2.89
10 ANk 0.60 0.51
11 A NEEL 1.98 1.72
12 AR 0.34 0.31
13 HANE 0.35 0.38
14 ANk 0.32 0.28
15 WL — % L12 1.01

2,11 ¢ AR

B B3R 17 ADFEMAE N BETEXT G, REHT ¢ K 5
LI BIBIEGE 2 Ffain Al 25 55 AERE e S e i

U DS
R T DI ERRIRNG BT

a;@ﬁ%mﬁ%nfﬁﬁmﬁmﬁﬁrzggu

FbRfEm 2 S5 @AR AN n-1 891, «; DIf

B umt oD GUIR T u, WA 2 Ryl

EMEAAE R ENER, BNV BEEER

TERERT 50 1) 2 MK o 0.05, 4 A i
16 B, 14675=2.1199, 17,1 =0.06308, u=0.06519,
VLA XT T RO RE S, KB W i 5 GB/T
19203—2003 H IR — i SR H AR I fif 14
mEER.
2.1.2 kb

B TR — e SR PR AR TS il v 0 2 2 SR )
R R 500 111% ., 108%; K0 i
W5E 2 A FRUEY) B R 53 ) 110% . 108%
2 PO MDCREEA A 2
2.1.3 K

A3 M PR TR — i SRR H ARSI A 12 R K Bl
P R AL 38 4 SRS, il ICP-OES ¥ 7 A
AR, EAT 6 YORATINE , JEITA 6 R E 4
PR AR R 22, e 25 R TE D3R 4. A4 2 Fhor
T AR 2 R S 5 SR U R A, AR T T )
K% BERS LT MR — o SR PRI i

R4 THEE - SEEREINEEEN TG EENE (%)
Jiuk AHXThR 22
1 2 3 4 5
i - FR 1.14 1.16 1.12 1.14 1.15 1.13 1.24
FEL AR T i 7% ’ ’ ’ ’ ’ ’ ’
TR T s 1.04 1.04 1.06 1.04 1.05 1.04 0.80

2.2 ATk B H BT oY

it T AR 00 T f 2 A BE 2 A A IR bR v
Y LA S 15 AR IEAE &, 43 58 ICP-OES 2
AAS T RN 45 B 0 A A T S, T A R
%5,

BT 1. 3.5, 9, 15 5 MM WAL kil
FE SRR TR e e, R T e A
DZEIX 5 AFE B B i
221 KR

X 3 RS T B4 I 23 S R R AT ¢ R
PEBAG IO B B MEKOE o 2 0.05, KIbah B eI

6. ¢ KIS R RN, X T IERE A, 3 A
D7 B e 2 SR 2 (R T B 22 5
222 e Le kv Fl S Ltk O

ICP-OES % LLEE 2 91 b ofE 175 TR0 BE R A Ak
b, FHRLEERTERIE (mg/L) WAL bR hil AR
2k, MR N y = 12,12 x +2.304, RERE (RY)
7 0.9999,,

AAS e DLEE R 0 b 1R U W WO BE R 9L Ak
B, FHREE B R (mg/L) AR AR bR 2 i A 1
M2k, £k Ay = 1.65958 x + 0.00761, RN
0.9993,
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x5 AEABNFENMNESER (%)
RS R 44K
1CP-OES ¥ AAS ¥ Ak
GBW06135 AN R ) B 0.89 0.88 0.99
GBWO06140 A NEE R HER) B 0.80 0.80 0.87
1 EANE 1.16 121 —
2 AR 0.76 0.76 0.73
3 EANE 1.78 1.82 —
4 ke iy 1.04 1.06 1.01
5 -Rei(i o 3.46 3.46 —
6 -Rei(ir 2.62 2.81 2.64
7 ZHEIE 0.89 0.88 0.88
8 A NLEL 0.18 0.16 0.16
9 "ANTE 2.89 2.99 —
10 AR 0.51 0.43 0.51
11 IR R 1.72 1.76 1.77
12 ZAER 0.31 0.30 0.36
13 AR 0.38 0.42 0.35
14 AR 0.28 0.26 0.24
15 R 4% 1.01 0.91 —
F o6 AREBMNFENMNESESR
Jrk s E S, A e logrs u it
ICP-OES #hi—% 17k 0.01012 0.0470 11 2.2010 0.02986 biiEu
AAS Ph—75hk 0.00111 0.0758 11 2.2010 0.04816 FiEu)
ICP-OES 7:—AAS ¥ 0.01043 0.0639 16 2.1199 0.03285 i

HIZESRTTA, 2 By vk RABREIZ M R ¥R
T0.999, ICP-OES EBEIL T AAS . H 2 Fprik
(LR T L A A A], ICP-OES 5 0 ~ 100 mg/
L, AASTEHN O ~ 0.2 mg/Ls
223 JEKEEE

1 FH E K SO W i A B 4 SRS, 4B

ICP-OES ¥ . AAS WL DL RS E R s i, iF
1T 6 WAFATINRE , FFIHIA 6 YR 235 S R A X Br e
2, MEZRIENE 7, 450K, ICP-OES %
B AT AAS B, 2 FUESEENRS & T
Kk,

R 3MITEEEENE (%)

\ Bt o

Jrik: ARl 2

1 2 3 4 5 6
e 1.01 1.02 1.08 1.09 1.13 L.11 4.45
ICP-OES ¥ 1.04 1.04 1.06 1.04 1.05 1.04 0.80
AAS 7% 1.06 1.05 1.06 1.06 1.09 1.07 1.29
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e FH T K B T i A 2 AR e R, 433
8 FH ICP-OES 7% . AAS ¥ DL e 25 2 1 I 5 B i
o 1CP-OES ¥ 22 2 /™ b5 4 5 (1) ] ic 3 43 51
1 110% . 108%; AAS 3207 2 A FRifEY) B Y a1l
RO 109% . 108%; #¥HP:M5E 2 bR ) i
B [ESCR A 318 122% . 118%. 1CP-OES ¥ 5 AAS
P CRIEAA Y, HI TR S,
2.2.5 AN o E VAR

BRAFREUE b, HORERAER I A5 1.3.1.2
W A SR AP BRUEA T, A BRI,
i ICP-OES 55 AAS H:5E 25 LIV 10 Ik, I
T 2 PO 2 SRR IR BE . ICP-OES 74175 10
RS BT R FE (AR 224 0.0479, S5 {IAS I 5
HWREE 3 A bR 251158, 159 0.14 mg/Lo AAS %
MIAS 10 WA A R B B AR iEDR 22 0 0.00015, i
RAG I 5 2 v B 3 A b vfE O 25 51580, 45 0.00045
mg/Lo AAS ¥ [ e {IAS e B S IR F 1ICP-OES %,
Rl AAS ) RIS = T 1CP-OES

3 itig

TRGT R, 2 FhSCE T A VB B2 5 K5 2 B 24
Tiege sk, W, AL ICEEr s e
FEA, H 2 FUERIE SRR A 70 5 o

2 FPEREAR L, 2 A TSR A Y,
ICP-OFES 7 [RR 2% 12 5 hn v il 28 R 30 T AAS
e, BAR AAS IR BYIRAREE ik BE (IR T 1ICP-OES ¥,
{H ICP-OES % iy 4 5l (0 ~ 100 mg/L) #H %
T AASE: (0 ~ 02 mglL) 58, BB ICP-OES &
A TS m RS . BEITRAE N IR
Wk, HEAESS TSR - RSEm T 1%,
ICP-OES ¥ 1] DA AG I 2 im0 2 5 o 5 VR 1)
BRAREL, DIV iR 25 . 5 —Jr i, M
T AAS ¥, ICP-OES iz T4/, 72
FRRE R (R BE T 2R B TCRE I AR S aE, REffk
TN RE, Wb TR, SR
AN

4 Bt

A SR S T G I f# —-1CP-OES % L) & AAS
LR P T R S B ARI ik, BAE T 2

TPk e WS R, JF 5 GB/T 19203—2003
RS IREAT T A, AR . E KGO
fit 1% 5 GB/T 19203—2003 1 (1) Al B2 — o SR Ha, 44
MR IR AR LG, ¢ KOG 25 R B 2 R IO I 1 45
RO EZER, 2 MOk py DR | Ok RS AR
A, R I A B T GB/T 19203—2003 1
oo Kl 7 ¥E 5T . LA T ICP-OES . AAS &
HT GB/T 19203—2003 451k, K45 R 30 3
PRI J7 i A5 R TC i E 22 R, 1ICP-0ES ik 5
AAS FE SR R R T A EE . H 2 FX
ARG T AR B TR S VAR T JC R T A
MG B S A oL, RS R 2
P L EREE . VERE . REE .
FAPET™, RESZ KRG dnm g psta], JEHE R Tk
R E T

T T i~ 1CP-OES 32 [ b o ) 5 [ e 264 3]
H110% . 108%, 6 UCF-A7 10 2 9 AH X6 A 1 Al 22 4
0.80% . R0 T4 ff—AAS %5 09 b i 4 I [R1 iR 43 3]
4 109% . 108%, 6 U471 e A9 AH X6 A o Al 25
1.29%. 2 FMSER 5 i WAl B 35 A A0 Y, 1ICP-OES
DR % B SRR e R® YIWSAE T AAS 15, AR
AAS ¥E 9 R AR, {H ICP-OES Bk i £kt 3
FyE, U ICP-OES W3 id F T T 5 % it
AL S, RN, ICP-OES ¥5 TG Ak
N, SN EE R

Sk
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Comparison and study on determination of magnesium content in chemical fertilizers by multiple methods

HUANG He-ging" >, WANG Lu', YANG Yi" * (1. Shanghai Institute of Chemical Industry Testing Co. Ltd., Shanghai
200062; 2. Shanghai Research Institute of Chemical Industry Co. Ltd., Shanghai 200062 )

Abstract: New methods for the determination of magnesium in fertilizer by microwave digestion using inductively coupled
plasma optical emission spectrometry ( ICP-OES method ) and atomic absorption spectrometry ( AAS method ) were
established. The results of the new methods and the method in the national standard GB/T 19203—2003 were studied by ¢-test.
Two compound fertilizer standard materials and 15 fertilizer samples from different regions, different magnesium sources
and different magnesium contents were determined. The ¢-test results showed that there was no significant difference in the
extraction results between the microwave digestion method and the nitric acid—perchloric acid electric heating plate digestion
method in GB/T 19203—2003; there was no significant difference in the measurement results among the ICP-OES method,
AAS method and the volumetric method in GB/T 19203—2003. The recovery rate and precision of ICP-OES method and AAS
method were superior to those of the volumetric method. For microwave digestion-ICP-OES method, the standard material
recovery rates were 110% and 108%, respectively, and the relative standard deviation of 6 parallel determinations was
0.80%. For microwave digestion—AAS method, the standard material recovery rates were 109% and 108%, respectively,
and the relative standard deviation of 6 parallel determinations was 1.29%. Compared with AAS method, the ICP-OES
method had better precision and standard curve determination coefficient, wider linear range of the standard curve, and was
more convenient and environmentally friendly in the experimental process, which made it more suitable for fertilizer samples.
Key words: magnesium content; inductively coupled plasma optical emission spectrometry; atomic absorption spectrometry;

microwave digestion; chemical fertilizer

[ 4555 187 1T |

and the actual photochemical efficiency of maize leaves; NPKB treatment significantly increased stomatal conductance as
well as the maximum photochemical effciency and the actual photochemical efficiency of maize leaves, but there was no
significant effect on the net photosynthetic rate and transpiration rate. NPKS and NPKB treatments showed a decreasing
trend in maize leaf intercellular CO, concentration and non-photochemical burst coefficient. Compared with the NPK
treatment, maize ear weight, 100-kernel weight and yield were increased by 36.4%, 31.1% and 45.5%, respectively,
in the NPKS treatment; maize ear weight and 100-kernel weight were increased by 18.5% and 15.2%, respectively, in
the NPKB treatment compared with NPK treatment. The NPKS treatment significantly increased maize straw nitrogen,
phosphorus and potassium uptake and kernel nitrogen and potassium uptake, while the NPKB treatment only increased
maize kernel nitrogen and stover potassium uptake. In conclusion, the equal carbon allocation of maize straw source
organic matter had a promotion effect on maize growth and nutrient uptake. The equal carbon dosing of maize straw was
more favorable to phosphorus uptake of maize than biochar, which promoted maize growth and increased the yield.

Key words: maize straw; biochar; maize yield; yield components; nutrient uptake
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