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BEAGE AR ZUY fEis F ICP-OES K6 1 v i 4=
Y SRR R, W T A R R e B R R R,
RN BR & Ak R B E ORI, S K.
B OEN . BRI TR, XSS u R S X W R
D 77 A ORI 800z, 0036 408 2% SO AR 5
SR . AN, BRI DU SR AT IS S (P213.617 nm .,
P214.914 nm, P178.221 nm Fll P177.434 nm) & §}5i
JE R AR X AR, SRR (A7 7E & T 2Ok B £k
A% LRI R A AR AR 2 T ORI 45 2R 1 AN VAR
R i Se[n) B, A SCEE G AR A RE S, PR %
VAT i A BEAE 5 i A L, X ICP-OES 43 B4k |
Sy AR . UL R L 0 B 2R A A
WL 77 =5 T vk S AT Ak, TR ES BR o in A
B AR, BRI P OGIE R B, AR B A
BN T B 2R VAL X 5 SR e, T R R S 25
PR, F AR TR I T I A ) S Y O
IR FIR AR R . X7 L A InbR RSO | RS %6 R
ot BRAFE AT 1S g, SCEL IR A b R
WO UERRIN S, [ s Sy At Vi 5 2 0 L R ey A
s VB TG 2 A A A T AR LA 2 1) S B K A

1 AP EFE

1.1 BB LKA

Optima 7300 DV Hi &G & %5 2 IR JF & §H
WAL (3 [E PerkinElmer A ) ); Ethos UP 3 1 fif 1%
(3 KA Milestone 23 7l); DHG-9053A HIHHE IR 5 KT
PRAA (NS 2 S i s A BR A wl); BT125D HLF-RF
(P& Sartorius 22 H]); B (100~1 000 pL.0.5~5 mL,
4 [ Eppendorf 2 #); Milli-Q Direct 8 #4li /KL (3
[ Millipore 23 ).

HNO; (UPS Zfal, LigHEtR A R A A);
H,0, (thgat, B4R R4 BRA A, #
JLEARHER I (1000 pg/mL, FMEZAO4E)RE LT
BB AT o), T BE s MR S A
Ak (FFHR 18.2 MQ-cm), SZI6 T A #1111y
FH 20% HNO; =291 24 h J&, 4K bk 3k, it
&

1.2 EEA#

AL P B SE B RE AL 5 R R TEAR )

INERE (Chlorella vulgaris) . = fA#$5 ¥ (Phaeodac-

tylum tricornutum). THIH 5P (Skeletonema costa-
tum) . FHEMEE (Scenedesmus obliquus) . #i HZ2IE

¥ (Nitzsehia closteztuma); 5 Fpi#liEshyy: HhAediK
% (Calanus sinicus) F89F 5 W (Brachionus plica-
tilis) . St RIE K (Moina mongolica Daday). |
HUFT M (Sagitta ferox), NEREET M (Sagitta enflata).
YIRE L SE B R AKAT 40 vh ok 3 3k, PR 2Lk bk 3
i, f e EHAE T 100°CHET, AL T A
1.3 M F %
1.3.1 EEm TR

e A L R P e 2 A O O LA
JrER: WERRFRI 0.1000 g 2 A7 R b (T RE) T 11 ik i
H1, A 5.0 mL # HNO;., 1.0 mL ¥ H,0,, JnaE
TH AR o U H K A A I 110 31 ik T T G0 T i
b, Fel B A IH AR P GR D e 2R,
FEH M HE TR AR T 40°CHREEUE, B TR
IR, EFWETEE, 1 mL HNO; W, Mz,
A B IR T RS 2 50.0 mL iR, HEE
TRV IRE 3~4 IR, AIFVERM, JFUAREFK
FERBRREL, 75 EALE L [RE MO 2 B 508

x1 WKEAERERF

Tab.1 Conditions for microwave digestion of samples

FHE 1 FHERE fREERTE S DR

» B/ C _ _

g /MPa /min /min /W
- 140 5.0 5 5 1350
B4 170 5.0 5 20 1350
=4 50 0 1 10 0

132 UERTIERM

Optima 7300 DV HLIBHHE & 45 B IR & 4t
AR TAE AN R BRI P213.617 nm, 4
ST 1 300 W, Z51kA8ET) 97 MPa, 458 T
#15.0 L/min, #iBA0R S 0.2 Limin, LM E
0.8 L/min, WIS E 14 mm, ERIETIE 1.5 mL/min,
FRAYI] 20 s, FEIREFE] 20 s, WLy X4, T
D 8K 3 1K
1.3.3 HREMAEMENIRITS4H

BRI I AT S — T A 508 I SR T8 1 S B
5o MMk LARC ] S5 R RV TR L P AR VA TR, SRR
FAR AR e BB LA E I, SR FHARAE A B RE S
THBRAE 22 vk, A At BR AR T4, #2540
Mo ik B ERA P

P I AT 2 3 BB 0 A B A [) 1 1 T 3 A
Horp— 1 R RE T A AR W, A& R
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TEAE P a3 I A [] 2 260 4 B 0 5T 3R A HE VS T
Fiz BR 22 Tl bR o il e 026 BRAR R IEA T 2 . A A B
Bl 0 28 B o VR AR B SR A AR A, X NN O T SR EE
DA AR, ZelbniE g, FAMEE D GE AR i ih 2 il
98 A R A2 ) B 208 WD) P A R A ot VTR

7S S A VA VP T o

B 1.0 mL ¥R 1 000 pg/mL FIBEFRIE IR T
100 mL 2 S, F Milli-Q £ 5 F/KE R 2208,
FE5), BIFSHREE A 10.0 mg/L AOBEAR ER I

16 54 10 mL A& 20 B A 9.0 mL & 1 f#
W EIRER R (WL 1.3.1), SRIE43A 0.0, 0.2,
0.4.0.6 mL ¥ % Jy 10.0 mg/L IBEFRUEAWE, FIRES
WWEREZE, 75, MEVRES 510 0.0, 0.2,
0.4. 0.6 mg/L MIBERIIARER W . He IARALIT AR
8T AE S, YEEL P213.617 nm Zr B sk,
ICP-OES R il R AN bR v AT 00 %, AR AR
HEVEWR MR 0.0, 0.2, 0.4, 0.6 mg/L NREAAR, Xf
INE (4 R 53 T 5 B A AR AR AE I, A5 BB T R AR
Az, e384 4 = 1 463C + 297.3,
I RE r=0.999 348, HHRLMEXLRRL (B 1),
W Y S ) B 5 R A bR AR AZ, I AE R B R R
W BV L, IR EE N 0.203 mg/L, Ll Ak
150 mL, BRUAFES R 0.113 4 g, RPASAR LI kg
PRI AR IRE S B MR Bl 89.51 mg/kg. TEMLTT
PR b, ATAR AT FL AR S I e, 45 B A [
VI VR AR P T B

1188

951 //
5 713f e
Hooasp
'
;%/ A=1463C+2973
1// 1 " 1 " 1 n 1 L
02 0 02 0.4 0.6

W /(mg/L)
Fl 1 B bRuE A B AR v il £k

Fig. 1 Calibration curve of standard addition method for P
2 ZRE5H®
21 B IASEMKRA

3 BT i AR RS AR 2R B B B AL 1CP-
OES S /r#r b By A fi B LAY RS, P 520

R AT E S HERR B . R SCE X BARTT R 194 Bt

Bk, S5O RS AUERSEME, X ICP-OES /3 #rithk | 5
BRTR | FACRE . LI I B 2 A RN 0L
W7 AT AR A e B, DL ARAS o B 0 2 06 3 7 Ui A
PIRE i i SRR R Tk
2.1.1  SrBTiES R

O3 BT S ) R I AR T AR R SR e L T
FoE Ay, REUE R A BRAR A R TS S Aok B I 4
JEO . H ICP-OES X84k WinLab32 #7217 bt
LA 4 4%, 239102 P213.617 nm, P214.914 nm,
P177.434 nm 1 P178.221 nm. Hi T P177.434 nm Fl
P178.221 nm M 255 AL T B2 540X, FEAMH A
AMAE SRR E AN AT, ARaext
P177.434 nm 1 P178.221 nm jE£ Wi, S8 4L
LITAF TN . RIS BE 2 58 A Bl w2l
SRR BT A (IR 2 mL/min WCHEE 7
F8h L) I, EiE 5 mL/min RIHZEDTHEFE2h L),
FH X SRR R A AR AL, 1.0 mg/L BEARIES
T LR (1) & SR U 59.9 (P177.434 nm) Al 101.2
(P178.221 nm) (1#l 2), 7EFERFFESAVIEAL T IS A4S
25 ST ASBAR, ASIG I T 23 B B[] 0 SE 6 AR,
I L S SRR B v, WG 8 B R R A 22, O
EEVER L . P214.914 nm LR K 55 B AR
%, 1.0 mg/L A BER METE WIS L 1 A S0 v AN
322.9 (K 3), R Z28 THELMES T, B
WEEVERIEL . P213.617 nm $ELEAY & SR
P214.914 nm, P177.434 nm il P178.221 nm [ % 5%
JEFR T, 1.0 mg/L WIBEFRUER WL P213.617 nm §5Z 1 &
PRI R 2148.4 (K1 3), 702 =& RSN 6.65
fif. 35915, 21.2 £, I HAZHAELA T, S
FUEPELF, BRSOk BN, REUER, LM RE
I R, P213.617 nm J2& FL 3 BHAR A /AT i 2k
2.1.2 ST RA SRR

1R T4k P213.617 nm, 2246 <3 0.8 L/min,
WL 5 B2 14 mm, FEFEAEEE 1.5 mL/min, WL J7 =
] SE SRS, TSR 10001 100, 1 200,
1300, 1400 11500 W B, 5 1.0 mg/L FBEARIER
W, TSR B0 S5 e L Rl T R AR AN & 4 TR

H & 4 7T LU Y, 1.0 mg/L A BEPR AR RO IE &
SF iR B B A S ) 3R A B K s, v, R
A DARAS TR 0G5 & S i B o (H, ST R it K
2 T B0 Stk o B RGP £ 45 e LE B AIC,
R R IR 34 5 B A Dy e s I D 2 5 i) SR 1 2R R
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Intensity of P177.434 nm and P178.221 nm spectral lines for 1.0 mg/L P standard solution in nitrogen blowing mode
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o, - ] [
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&
i}
= wal I
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3 WK 1 — R bR 22, AR IE)

Fig. 4 Effect of RF power on spectral emission intensity and

signal-to-noise ratio (error bars refer to 1o of triplicate
measurements, which are hereinafter the same)

fiff B S 2 10 & IR o 25 B 5 0R, AR SCHE PR AT
FHh 1300 W,
2.1.3 FARFEMEE

{34 BT LR P213.617 nm, SHZNZE 1300 W,
NI 5 B 14 mm, #EFEZEEE 1.5 mL/min, W8I0 77 =
SRS AEAAE, TS AR 0.5.0.6.0.7. 0.8,

Intensity of P213.617 nm and P214.914 nm spectral lines for 1.0 mg/L P standard solution in normal mode

0.9 1 1.0 L/min i, T5E 1.0 mg/L BIBEFRAEIR K, 6
Tk A S R {7 Mk L R 55 Ak S AR AL I B 5 TR .

2000 154
1800 152
1600 150
é_ 1400+ 48 2
i 1200 E
= 1000} 46 L&
800 ) 4“4
400 O‘.S O‘.6 O‘.7 d.8 d.9 ll.O 40
FALA I E/(L/min)

K5 AR BN 3G S S o B A5 W L 9 52 )
Fig. 5 Effect of nebulizer gas flow on spectral emission
intensity and signal-to-noise ratio

HI1EL 5 TR, 1.0 me/L BYBEbR R RO A 5 5ik
JEE It 55 A U R 19 49 R e g i S AR, 78 0.8 L/min
Ak IR B d e L o SR RO B S5 AL SR RS, L
] E S5 8 TR e AT W i 22, DT 3% 4 A S
SRR, (HEA TR KRB —E R LS, dkek
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b N W= G S B N - R U N e NS 3
(RGN T 7L ¥ G | BU N SR f A - i
S A B TR B R AR, 4 0 T R W4 R T E],
L HOLIE R AR BEREAL, (FME AR 22 25 1k
A 0.8 L/min.
2.1.4 YRR BE A R4

{3 HTRELE P213.617 nm, SHIZIZE 1300 W,
FAR U 0.8 L/min, #EFEZEHE 1.5 mL/min, WL
J7 A ) AN, AT S S 11, 12, 13,
14,15, 16 F1 17 mm B}, M 1.0 mg/L PBEFRAEA T,
T S S A M b B XL 2 B AR Ak G ] 6 T o

3000F 154
28001 15
26001
L, 2400} 150
5 2200t / 148 2
‘%’g 2000} 146 12
1800} Lug
1600} « .
1200 S, 40

1112 13 14 15 16 17
NI 1 /mm
6 LI = X T A o B R A MR LY Y 52 )

Fig. 6 Effect of observation height on spectral emission
intensity and signal-to-noise ratio

Hr P 6 T, S A 11~14 mm, 1.0 mg/L Y
T AR v VS VB i 2 S5 e 2 ot ORI v 6 ) 348 R T 34 5,
WL 25 BEAE 14~17 mm, 1.0 mg/L B BEFRMEE OGS
o UL g R 18 1 RO IR 58 o A ) O
JERT DI M AE e L, BRI B BR, ZRA %8, ASCik
FEULI /55 B8 14 mm,
2.1.5 IRNFEREMER

1R TG4k P213.617 nm, SHHINIZ 1 300 W,
FALA A 0.8 Limin, MU EE 14 mm, W07 =
) 5 SR AN, PR BN AR 1.0, 1.2, 1.5, 1.8,
2.0 1 2.2 mL/min i}, f5%E 1.0 mg/L FIBEARMEAR, Ot
e SR R W L B G 2 2 2R AR AL AN 7 TR o

F L7 AR, i A Gk B Bt 20 8 S Kb
5, HAF 1.0~1.5 mL/min Z2fLECK, 7F 1.5~2.2 mL/min
ARALERL /NN, 3T Rl R R R B v A AT DL R g5 K
B S IR EEd 3 T 7/ BN =S e N BT S (EE 57 B U
Pl S5 PR JOa A Re, EERIE A, B
fHRESIHRE G R, IF N S . B, ASCk

BTG A 283 K 1.5 mL/min,

2100 54
2000} 53
152
2 1900} 3
)
I 151 =&
i
= 1800} \A “ L&
1700} g 4o
L 1:4
1600 T g

1.0 12 14 16 18 20 22
Z% 3#/(mL/min)

P 7 S S A X I A S i R £ MR B 2
Fig. 7 Effect of peristaltic pump speed on spectral emission
intensity and signal-to-noise ratio

2.1.6 YR 77 =AY e

AT AT, SR i 1] SR 00 ) G 1 B B 428 1 SO0 30
IR E AR 10 5. fE R EIRARAEIERT, 4 RZH00
PR PR AT BN B B G, X AR TR D
FABER Kk S AR TR T A Rl REE TG
P213.617 nm, $4i3N% 1300 W, FAL i 0.8 L/min,
WL 5 B 14 mm, PEFESEEE 1.5 mL/min % 5 4F A,
ARSCOO EE T At T FAR ) PR AR 5 R, 1.0 mg/L Y
BEPREVS W AT | SR EE | (R LR R R IR, 45
R 2,

R2 FRMMARERSET L
Tab. 2 Comparison of relative parameters for observations
conducted in different ways

Xﬂliﬁl{J el WERR =H " I A PR
J R TR /(mg/L)
e KT 21484 391 549 0.010
7m T 1254 13.2 9.5 0.092

122 2 AT, 1.0 mg/L BB THE VA Y026 PR UL
7 R IEIE T3, il 08I0y 2T A v i TRORD
25 I B ) R T AR I Oy 2, HAE M
FAEm L, AR A 5.8 f5. S 4b, il S
05 B RS HE R /IN T AR ) LI, A FR B A 9 3%,
X A e ) SO0 ) G S D TR, TS A E TR
WSE o PR, AR S R e ORI X
2.2 FFEANGE G AR W &K RS AT

PR e TAR ST, R o il £ A0 b vl
FE 2.2 TNEBTEIRIEA Y RS R, ARSI
0.182 mg/L, #55 jr fa¥ik B h 80.25 mg/kg. MIIAE
SERTTLUE W, AL GE 0 SR 2 0 5 1 TR i A
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e, TR TR, HAS R KT AR ME A
PRI E ZE R (FES R 0.203 mg/L, #u5
TR N 89.51 mg/kg), HE— U AR A E
AT DAAR G 0 TE T 3 7 U0 A 0 i o ™ i ) AR
P, REMEPE o b ik A R
23 FiRe R AR R

SRV 7k 0 G R RORS % R, 6 TR — 396
TR A YIRE SR 1.3.1 kAT AR B, FREX 0.1 g /42
ARG, — 0 InbR, 55— AInbx, T84
JEREZH] 50 mL. TEAER AR TAESME, YRR S 200
SEATINAE 6 WK, BRKEE 3 URIEEL, THA RIBCR AT
PRl 2 (RSD). SCHG4EH @R, AL i AE Xt
FRfENR2E RSD M 1.36%~1.67%, HIARIAIHRTE 92.6%~
94.3% Z 18], tBHA DT I FLA 8 e RS % JEE e 1
i, BENE T RV TETR IR AR M T B G R A AR R .

24 FEABR
HR A [ o 2000 R0 N, FH AL 228K & 25 (IUPAC) Xt

Kt BRAE AL, i 3 bR v 22 5 AR U
IHE LR R . AL 1% HNO; R%s (HillE
12 K, THERRMER 2, 3 f5bniEdn 2 5 R L (E D
SRR B o A rh AR FR A 0.010 mg/L.
2.5 Fkibxt

Sk 2 5% T AR F AR S BB i D A ) 8L
B 43533 1 ICP-OES 1 #1 Grassholf 77 5:U31% % A
VS ) 10 AR TR AL W RE S A T A, A
MREIEAT 3 AFEATEET, BRI B 241,
PFP 7 i 25 R W 3% 3. & 3 WAL, ICP-OES
HE 5 PRI YR S B ARV R 1273~
2242 mg/kg, 5 FpIEiE S W BE S 0 AR AR L R
579.4~740.4 mg/kg. Grassholf YE5E 5 FiF i
W& R AL ol 1 276~2 238 mg/kg, 5 FIF IR
YIw o B BRIk YE Ll 580.5~745.5 mg/kg., 45HFE
B, ICP-OES ¥ 51£4: Grassholf ¥ (i 5 4% 5 pifAk
— B, AT A RMERG T, AT TR R T A R
s H R B R 5

% 3 ICP-OES ;570 Grassholf £ EFHFEMPHRSENERILER (FRE, mg/kg; n=23)
Tab.3 Concentrations of P in haloplankton as determined by ICP-OES and Grassholf (dry, mg/kg; n = 3)
TR Rk
WZRES ki =t PiE BME BHZE PR RAE SEhERR XIR JEJHE
ik R i Y2 k& RBEeH MUKE iR i 1
ICP-OES i 1958 1273 1481 2140 2242 640.3 602.3 664.3 579.4 740.4
Grassholf 7% 1955 1276 1484 2136 2238 638.4 600.5 660.8 580.5 745.5
3 & 60 45 SR LA B RORG B8 . R 7 i

AR SC ik 8 A i ik AR BEORE O SRR B, SR A
HL B B 5 B IR R OGS 0 B A v i AT ST
TAEIh 2, FOBRA R T I R R U AR v B
BRI AR vk o e i AR v, R B vk AR
B4, Dbm e Ak A A b i 2 57 T AR il £,
[ I 25 A R S Sk, %) ICP-OES )Mtk . 5
D SEAAR T . LI = L 2 2R A RO
O 25 TAEAAE AT U Ak, X i 7 7 Ui A= 4 vh s
HEAT T HERRIN E o SEIREE IR WK, ICP-OES fifd: T4E
S BT IEZE P213.617 nm, HHIIE 1 300 W,
FZAS G E 0.8 L/min, WM& 14 mm, #EREZEH
1.5 mL/min, WL 7 =0l o AR bR o it Ze A
KRBRT 0.999, FXRAEMZER 1.36%~1.67%, il
Fr IR R 92.6%~94.3%, FiEKLHFR A 0.010 mg/L,

T A TR PR U A ) R R R LR R S P i
A HERR I E S S0 2%
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Abstract: Phosphorus is one of the essential nutrient elements for the growth of marine plankton. The accurate de-
termination of phosphorus is of great significance to the study of the cycling process of elements in the marine
ecosystem. At present, few reports on the determination of total phosphorus in marine plankton are available. Be-
cause of the high salt environment in which marine plankton exists, the content of phosphorus cannot be accurately
determined by conventional methods due to the presence of a high salt matrix. To eliminate the high salt matrix
effect and its interference, the optimized conditions and technical process for the accurate determination of total
phosphorus in marine plankton were established. The experimental sample was pretreated by microwave digestion,
and the working curve was established by inductively coupled plasma emission spectrometry (ICP-OES) combined
with the standard addition method. The results showed that the optimum operating conditions of ICP-OES were as
follows: analytical spectrum line, P213.617 nm; RF power, 1300 W; nebulizer gas flow, 0.8 L/min; viewing height,
14 mm; sample introduction rate, 1.5 mL/min; the observation mode was axial. The correlation coefficient of the
linear regression equation was greater than 0.999. The relative standard deviations were ~1.36% and ~1.67% and
the recovery rates of the method were ~92.6% and ~94.3%. The detection limit of the method was 0.010 mg/L. The
results had high accuracy and precision, which could provide technical support for the accurate determination of

phosphorus in marine plankton and other high matrix samples.
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