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A AU B 24 0.65 L/min, 5 B A0 &4 0.2 Limin, 8 8 28 33 4 1.5 mL/min, WIU &5 B 15 mm , LI 75 =0 Bl i, 23 B
LR N P 213.617 nmo B B9 22V Bl A 0~50 mg/L, K H R (3.143 s) 25 0.01 mg/L, filhs [ Y R 7 98.0% ~ 100.5% , 7K
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Determination of total phosphorus in wastewater

by microwave digestion-(ICP-OES)
LOU Hongjie
( China Energy Yulin Chemical Co., Ltd., Yulin 719300, China)

Abstract: As an essential element for life activities, phosphorus is also a key nutrient that causes eutrophication in
waters. Industrial wastewater and domestic sewage contain large amounts of phosphorus that need to be treated be-
fore discharge or reuse. It is necessary to determine the total phosphorus content in wastewater. A microwave
digestion-inductively coupled plasma optical emission spectrometry (ICP-OES) was developed to determine total
phosphorus in wastewater. After microwave digestion of water samples with potassium sulfate and sulfuric acid, the
content of total phosphorus in water was determined by ICP-OES under MSF mode. Optimal measurement condi-
tions were RF power of 1 400 W, plasma gas flow rate of 15.0 L/min, atomizing gas flow rate of 0.65 L/min, auxil-
iary gas flow rate of 0.2 L/min, peristaltic pump flow rate of 1.5 mL/min, observation height of 15 mm, observation
mode of axial direction, and analysis spectral line of P 213.617 nm. The linear range of phosphorus was 0-50 mg/L,
the detection limit(3.143 s) was 0.01 mg/L, the recovery rate was in the range of 98.0%-100.5%, the relative stan-
dard deviation (n=6) of sample was 0.43%-5.71%, and the relative error of standard solutions was in the range of
-1.04%-0.80%.
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A E S (R I o AR vl T 3R Y 2 T 4K
55, H A7 76 5500 1 % 22 5 T 3 MOk T4k (H)
776—2015) , #F 5 38 B 20N K B AR R % R
IR, ELARE & 43 BT A0 5 24T W A o 28 SR BT
i SR Ak BB R I 45 4 ICP-OES, 78 Z i & H A
(MSF) & 20F 237 T 0% T % — (ICP-OES) ik Xf 5
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1.1 FEMNFESKA

TOPware-CX 100 7 ff % 1 £ A (417 TFM JE )
FIER A 4 W7 R ) , 718 1] HB = 0 BT A 38 2

OPTIMA 8000DV %Y Hy B A 45 B 1K & 4 6
JEAY, PerkinElmer( I ¥ ) A3 FR 24 A ; Milli-Q Advan-
tage A10 Y 4fi /K #L , 3% B Millipore 23 7 ; MSA224S-
ICE-DU A Hy 43 H1 K °F (0.1 mg) , 78[5 38 2 F| 7
AT

WRAR , 0T it 53 B0 98% , DL 9 44 5 i B R 59, Pt )
ali 5 R, 41 299.996% 5 AL 4l 299.999% .

KT S CRL Pt ) 5 1fE % WK : GSBO7-3169 -
2014, 1.07 mg/L (k=2, K #fi & B 2%) ; BWZ7086 -
2016,5 mg/L(k=2, A1 &€ & 9%) ; BWZ6923-2016,
50 mg/L(k=2, R EE 3%) .

e Wy A U T A VM R AR i BWB2049-2016,
i H5 I BWZ6635-2016, 314 10 mg/L, 7 B AN 2 B
¥k 4% (k=2).

SIS K KB Al K R 4l K AL A
1.2 &R H

T35 53 R 25% B R < i B 160 mL ¥R B R |, 4
FETIAK  # B2 1.000 mL

T4 W B AR W (1 mg/L) LT P W Bk bR (S
mg/L) , H BRI &V VRO R A5 .
1.3 XWHIE

(DICFETH % o B IR 5 TR & 2451 1R 10 mL
CEVBR R 1 R AT D B0, B AT R4S b i A
0.25 g3 B IR A A1 0.2 mL 25% B R 1 W, IR &) J5 fin
AT AL R RA R HIERE
50 mL 25 i, FH ARG B ARk LIRS .
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(2) R B 52 o FH 47K b Pk ICP-OES [ itk B &R
g H ZE A AR R, o E S RER  7E
BT MSF A% HE i 4 [R) 55440 R 4700 2 o

(3)z K. O 4l KA KRR R A7 52
2 #HR5iR
2.1 WEEMBSHMAK

(DB S BN E . GIENRIERA F
T bR s KA ALY, [R) R o A 4 3 R 1 A ik 1k E)
FAEL 04 A RO o R AR A RS A ) 2 AL R
BRIy, BCE I B S8 T AR J1 4 MPa JH iR B
6] 5 min ., 9 f# Y BE 200 °C 78 f# B E] 5 min.

() E LI R BE R, . H 58T 3018 M IR
PR o R S Y 9 i OR  E RS Y IR G R S
AL, JF 1 B R W AT, I sk e (o = R o
TEUE Z 80T AR SR AT GO T % B S F pH I &2
TPk RS 2 50 mL L6845 R AT AH R B 43 O O T
I E W L X B R AR R (R R + s SR ) T
i S £ B O B SRR A R WO BE B [ AR R
O BE TG Wb 25 2 5 K 7 1) 9 i VR R e AT AR . DA
AL 2% TR ) 045 98 4 TR 5 K R CFR B i) 445 2 (MTO)
BV K+ SR T K+ BTG K ) R R D T Ot
FE AR WKL,

R RE R A IR U E 45 R

Table 1  Results of absorbance under
different digestion solutions

ks T fifE WO
10 mLikFE+0.25 ¢ i MR EA+0.2 mL 25% Wik~ 0.642 2

10 mLiAFE+0.5 mLYEAE R +1 mL 25% iR 0.6195

0.614 3

10 mLIREE+0.6 mL HE A AR +0.2 mL #e 6 AR (306 £ /K ) 0.620 4

1
2
3 10 mL A AE+0.6 mL iR EE R +0.2 mL ¥R Al R ( T 7K)
4
5 10 m L 3 FE 78 i 182 + o S8R H T 1 0.638 5

FH 2% 1 AT UL, VA1 ik 0% o7 A W O B e K, 5
B i (0 WO B TG 1 3 25 S HLBR T, I v
AL T R R 0.25 g i B R A +0.2 mL 25% #f 2 -
IR AR T S5 P T A TS5 1 T I A5 1 W OB B Ol 0.642 2,
fo T AR B WO RE (0,638 5) , d W I fift 5 42 .
2.2 ICP-OESUZE & ik F

ICP-OES 5 7€ 4 11y 55 2§ 7 < 1 15.0 L/min
B A i 0.2 L/min 5 8 3 3 1.5 mL/min, X0
75 X ke, AR 3 U, R B I R Y 3 5 R [N
R Mg (B k) ST % S U
JE AT A B
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ICP-OES Y& 47 #£ 76 Z W] B 6 i Tt , B b o 3%
PER ST R R FAE T RIGL TS FE LS
(435 28 0 R I 8 28 I 2 DT R T 2 0 I 5 Uik
Kl H A 177.434 .178.287 .213.617.214.914 nm, H
W1 177.434.178.287 nm J& T B 55 KA X, K& G5 oR
JEAR R ECR . T 213.617.214.914 nm 19 3% 48 B
SR e By ARl T S 2 s = T
ADGIETRES T . B EAE213.617 nm N 25
HAHEITCRIGL T (L), 7£ 214914 nm | A 3
FALAE T I TP (i V8 ) R T R E
A A PAE O, PE$E 213.617 nm /5 R il 2 P K .
222 HMmHELF

K H 5 mg/L A UEBE bR R W, LA 213.617 nm 1
S SE A, 2 B AR R 1.000~1 500 WIS 3 Bk
HER W A5 5 2R B AR Ak, a8l 1 TR .
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Fig. 1  Effect of radio frequency power on signal intensity
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FM1400W,

223 WM FHE %A

HUS mg/LAT IR ARIEA TR, I K 213.617 nm,
ST 1400 W, S0 w55 22 (8.10,12,15.,18,
20 mm) X AR AEV RS 5 0 B A5 ), 25 R LI 2,

HH P12 1) L it O v B A B, 43 AT R A
5 R R LI 5 O 15 mm B 50 B oK, i
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Fig. 2 Effect of observed height on signal intensity

224 FHAATHE
HUS mg/L A E B AR ME OB, TE DN E KR
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Fig. 3 Effect of atomizing gas flow rate on signal intensity

F 11 3R] Bl A 25 Ak SO A B R, A BT i 2k
R K 55 AL & R 0.65 L/min B F 5 51
JE R, R AL Ak S KL (5 SR PR
TEBE S5 A6 4 0.65 L/min.

Zi b 0 E 1CP-OES fie A2 it 45 14 - S 40 1) 2R hy
1400 W %8 7S i 15.0 L/min . B AL S &N
0.65 L/min 4l B S 9 5 4 0.2 L/min | i 30 52 i 80
1.5 mL/min W8 &5 2 8 15 mm, W 7 2 Bl ), &
B3, ML P 213.617 nm.
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(0.25 g3 BRI #F +0.2 mL 25% Wi R +10 mL 4l /K ) . P
FR R (10 mg/L) . T4 4 Cu b3 ¥ (1 mg/L) il Fe #7
(5 mg/L) , #57 W J0 Z 1) MSF A% 1E i e 7Y
G300 % B — E K B bR E W (BWZ6923—
2016, 50 mg/L) , H UK Bt il — 28 5150 5 A o 5 T, L
J M 4y N 0.5.10,20., 50 mg/L, 1T i T
(0.25 g it R 40 +0.2 mL 25% Wi R ) i A7 (0 T e
2o Sl K TR IS 2 AW A v R o OB v T TR AR R
e B W AR S A ICP-0ES A b, e I+ 45
£ MSF #8550 22 & 5 5 B, DA o A R 2 ¢ hy
AE bR R R EE 1O AR bR ST R DT 3R AR
2, e 4 s o H U B 8 ¢=0.000 175 61-
0.375 8, HHC £ %00.999 8.
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Fig. 4 MSF calibration curve of phosphorus element

2.4 HHR

MR HI 168—2020 IR 1 W 43 81 77 325 b o 6l
ITHEAR W), A MSF B0 R 8 &2 e 7 k= 1k

R TR bR E DR 22 (s) o 4% 3.143 4% 1 b 1 fi 22 {R 3
ROTIER R A5 2R R RO 0.01 mg/Le 25 H
TR SE S5 A L3R 2

®2 ZTAKHENELERKE LR

Table 2 Determination results and
detection limit of blank reagent

WMH F5E FREKE/ (ng L") FrfEm2E KR/ (mg- L")

548.6 -0.279
526.7 -0.283
538.5 -0.281

BE 5352 -0.282 0.003 6 0.01
581.0 -0.274
576.9 -0.274
551.4 -0.279

25 BEE

K 0B 0 f# — (ICP-OES) 75 , 43 5l % MTO £
A K IR HE K OMBR E K HEETS K BAF K
S5 S BR K AR AT AT I E (6 ), 358000 2 i 19 AH
X FR R 22 (RSD) , 45 B WL 46 3,

P 2 3 AT AT, B0 1 A — (ICP-OES) 7 Y I 1 45
R4 2 30 i T — v TR T A 43 O O B I e D E
Z KB BT OC B E MR 2R L M R bR E I 22
0.43% ~ 5.71% , W7 A RAFARE % ™ .

26 HEWE

K PR % — (ICP-OES)¥: %} 1.07.5 .50 mg/L
A TE S (LA P ) AR VS M e AT I 5 , 45 SR 3k 4
i

HH 8 4 ] DL, 3 s o I T ) DN 5 R 34 e A o
(B A PR I (B V0 BT P, ARG 3 22 0 - 1.04% ~ 0.80% , 1%
T3 LA A

®3 BEEREER

Table 3 Results of precision test

i H B TR B (mg-1L7") W/ (mg-17") FHME/(mg- L") RSD/%
MTO &% 7k 13.57 13.60,13.38.13.52.,13.46 ,13.57 ,13.43 13.49 0.63
T RE K 6.78 6.84.6.76.6.80.6.78 .6.78 .6.82 6.80 0.43

MBR 7% 7K 0.95 0.94.0.95.0.94.0.94.,0.94 .0.95 0.94 0.53
Y5 7K 0.08 0.07.0.07.0.06.0.07.,0.07.0.07 0.07 5.71
BAF i 7k 1.11 1.15.1.13.1.14.1.14 .1.13 . 1.13 1.14 0.70
T« % Ry T T — e ST T A 0 D' 0 B 3 1 A 7 0 5 5
T4 HEBHERRGER
Table 4 Results of accuracy test

I H FrfE(E/ (mg-17") A2/ (mg - 171) M/ (mg- L") AR 22 1%
FRFE 1 1.07 1.05.1.07.1.05.1.06 ,1.06 ,1.07 1.06 -0.93
FRfE 2 5.00 5.05.5.03.5.04.5.04.5.05.5.03 5.04 0.80
FRkE 3 50.00 49.67.49.29.49.50.49.44 .49.58 .49.39 49.48 -1.04
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Table 5 Test results of standard addition recovery rate

gE| FEAE/(mg- L) ARt/ (mg- L") SC{E/(mg- L") MR PI% LRS- 3508 P1% T A 2 (SP) 1%
1.00 1.94 98.0
BAF 7k 0.96
2.00 2.97 100.5
5.00 11.09 98.8
E T HE 6.15 99.5 0.96
Rk 10.00 16.18 100.3
10.00 28.15 99.3
MTO 2 ¥ 7K 18.22
20.00 38.21 100.0

TE < FF S5 52 B4 O O T 1% — (ICP-OES) 473 5 P ¥ 4

TEEAT H Tl e o5 08 T 2 ol B A 42 il B 43 331
H 96.62% . 102.38% . ] K . B F ¥ [ R R
99.5% , £ I T 5 il FR v [l 14 (96.62%~102.38%) , #
P2t A PT4% . 3R W B0 I ff — (ICP-OES) 2
B ATAT , BEAE T JE 7K Hh SR R 5 BROR W Y R
3 Hig

SR e L R AT A R OR i N T OO
fifr — (ICP-OES) ¥: X 5 /K v iy S w8 5 = 2R 47 D0 7
5 GB 11893—1989 Ml kb, 1% 4 14 M R0 R = 1M ik iof
) 46, ] 5 9 i B TR] 1.5 h 46 08 2 S min, fE KL &
PO o IR 32%05 T B AR R, A TN (R
BB ko i SRR L B D TR R K TR AR
R RS TR EBEEN e, SE2iEUs
FEA MG HETE T I R 1 B R RN 2
J Rl . T VRIS T K HE R G R ) A AN R
1E RSN SIS R e B S R, A R
G 1) N FH I3
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