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Uncertainty evaluation for the determination of heavy metals content in municipal
sludge by microwave high-pressure digestion-inductively coupled plasma
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ABSTRACT: Objective

standard, which affected the systematic analysis of measurement factors. Methods

The microwave digestion procedure was not clearly described in the previous

The heavy metals in

municipal sludge was determined by the microwave high-pressure digestion-ICP. A mathematical model for

heavy metals measurement in the municipal sludge was established. Results

The main sources of

uncertainty come from ICP instrument, sample weighing and calibration curve fitting. Conclusion

Countermeasures and suggestions for reducing the uncertainty were introduced, which may provided

technical basis for improving the accuracy of heavy metals measurement.

KEY WORDS:
0 5| 5
2010 4E 6 A, (WS /KALBRT 15 PRIE R ) (GB/T

24188-2009)1E 300, IZARAEXT IR 5 /KA BT V5 e RLEE |
RORS  FPE B TRREZRN, HET, YWiiisIRAHT
ALFRYE R O . VTR . A BT RS,

“EIEEE: IR, Wi, BRI OB I Sk iE g

microwave high-pressure digestion-ICP; municipal sludge; uncertainty

FEA I e B TR RE 055 | IEPGEE PR | 50 i 0
SERERIEL RITRE RS TR T POLE . Rt
JETh . AIBE A SR TR R DR (ICP 3% ) SFel, 1CP
B ERCR G, R, MERBUERTY, 858
LoV (SN ¥ VTR SN S N S TR 6 8 (@ S ]
15U HL G e PR I 1) A T B o (A AR R i T %

JAEE, E-mail: juezhang272@163.com

*Corresponding author: ZHANG Jue, Master, Guangzhou Water Sewage Purification Co., Ltd., Guangzhou 510000, China. E-mail:

juezhang272@163.com



3
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TSV ITH A FRAN R 728, 0 Cudatin KAL) 5
PRSI TTVE ) (CI/T 221-2005) 4K B (e W A O R . AL
W, RGBT 5 e T 4RI E 45 R R R R, A
SCUASR T 5 08 BRI 5 SR 0], 85 N R A X
TR PR S BERIRIEA T R G AEAS , St 1 I i
15U A S SR R A L

1 #RF7EE

1.1 {5

FLERA 5 55 B TR DI (L HERRHE, 5800) ,
TR AL (CEM Mars6), HL T /0T RF-(FEE . 0.1 mg, 3§
Z A, KRR BAREY) 5 (GBW(E) 082778, 1000 mg/L)
W F RS BUG R R A A BRA ] , AR (PEgkat ) , #hme (1
Gali) , 30% A0 EAL SR, SEER K B D aliK
(18MQ-cm, Millipore),

1.2 A58

TURHE AR A F A SAE Y RIS R, R Y 43k
G553 o FRAE CHAgTE /K AL B V5 A8 4607 75 )(CI/T 221-2005)
R L B R R T - TCP A0 2 T R i P K R A
A E,

FrK A < FHAE IS Y 28 & IR B R 24 5 (15 e A
A2 20 g, TN 105°CHERS T8 2 h, B S BOA T4
TR HI BRI, R PR E S, TR kg0,

FRRIE : FRILZT 0.26g il 44 075 ek i T e
AR SEKIEIRAE S, TP 1.5 mL 30%:d 484k
SURWE . 10 mL E7K o SR ARy X R AT T AL 3
120°CHR4F 3 min; 160°CLREF 3 min; 190°CHRHF 25 min;
PRV GRS 2, 1CP AU,

1.3 #EFER
T RiTREp) e k= QIUE A G By SR
X:(C—CO)XV (1)
(- f)xm

A, CL Cosr il hTs R ANz R BRI & i,
fh mg/Ls VRRERERIRRL, mL; m AFRBUG IR
Bk, AN g f RIGRAKER,

2 HERS55R

2.1 SETERIIERERROCHIS I HEE

FR YR vV R A T 71 5 o 2 B G 3R A T i TR RN 5
FIW, EMRECHI R, WOE B PR R R B 2 10 mL
1100 mL A I 2 o AR RV TRE A RS PR HEVA TR
Zxpe At HLR 25 TR AR A B AR Hf E 1 o

(1) FRAERES S I ABYFXS AT E JE

FEICEARMERE N R B AR T DR, B bRiERE S
WA, AXATRERE R 0.70%, k=2, FEARERTRSIA

RIRIATEIE R : o, (p) = % =0.0035

(2) PRI BCE 2T MRS AN E B

75 (CH FHPSE R E UL ) (JJG 196-2006)0121, 20°C
A 9¢ 10 mL Fl 100 mL 28 BH ARV 22530031 0+0.020 mL
+0.10 mL. FRBHE B LA =M, T L BWe,
YO g ARG LA ANAA 5 A -

e LY 0.02
(B iom) = —= = 0.0082mL
J6
w (B E M oom) = % =0.0408mL -

S E (AT EE A AL S L DA (20£5)°C , FE3X il E S [
TR RECR 2.10x104°C, 8RS R TE TE TR EE AR 1k,
(A FELE AL Y mT REMEARTR] , RIS E) 500, DRI SE 40 2R
BER S| BIAH E BE N -

5%x10x2.10x10™

u2 (& MHom) = =0.0061 mL
( ) 7
4
s (75 e Hinoomt) = 2 100X 210107 5606 mL

V3

FRYE L3R4, 10 mL. 100 mL 25 i 258 | A BIAEX A

EER:
Jur (B om) + 2 (B EMom) 10,0082+ 0.006 .
(V)= 10 = o =1.022x107
ur® (B B fooms) +u2” (B H Miroom)  4/0.0408° +0.0606° !
um,(Vz)=\/ 100 = 100 =7.035x10"

(3) BHUBRIFER S | AR AN E
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il B2k

W

i A RBFFBBIRAE /7 BB 1.0, 5.0, 10.0. 15.0.
20.0 mL AEFCEFRER T 100 mL Z5H, ngtik e
RBFRLL  BFRFS T | AR E BE IR T B R UHER A

AL (=S54 ) ARSI AR RE L (HEIES)
i) o FHBRERRT A BRI AR E BETHRE IR 1.

&1 EHEE (R BRSIANNTHER

Table 1 Uncertainty introduced by a series of standard solution

AR

B RS AHX AR A
ARF/mL o~ T HRZET A A A O 0Bl 2 TR AR e
FeVFiRZE/mL = LB AR fb/°C pNG)A ES N R L =
1 +0.007 0.0029 +5 2.10x10* 0.00061 0.00296
5 +0.015 0.0062 +5 2.10x10* 0.00304 0.00139
10 +0.020 0.0082 +5 2.10x10* 0.00607 0.00102
15 +0.025 0.0102 +5 2.10x10* 0.00910 0.00092
20 +0.030 0.0123 +5 2.10x10* 0.01213 0.00087
BRI ARRARER ) (w) = 0.002962 + 0001392 +0.00102% +0.00092 +0.00087> = 3.652x10~
2.2 #HREHFNEECHSINREX T HEE o)
T ‘ - [y, -(b+ac)f @
R 5 A5 DN YRI5 R 5 B e RN R AR S | A AR S (= >
"
TENE V5 URARE AL FRI 6 ¥R (0.2603.,0.2635 ., 0.2625 ., 0.2626
— _ 2 3
0.2606., 0.2630, 0.2621 mg) , “F¥{Em H 0.2621 mg. It (&, -C) )

L S

S
SRR IBURE: ity o s o A 2 A nx(n=1)
LTENG s O = S/ O G | IR {5 B DL B N 1 R -3

u,, (m)= STW’ =2.0511x10" 3¢ MR RS R, S5
m

TCR RYIFMERIRECH] 5 AMATEE , TH AR5 b
AR F T R0 RE B wra(V1) F wrea(V2) 24 1.022%10° mL |
7.035x10#mL,

23 HREEZIIE SIANEN T HER
RN R IATLNEA A | DA WO A A
B, SREE AR, FRIEREIZTR y=axtb (1)
1 2 TR A e 2 A s e L 2L 5 ) AT 4
AR :

S L1, G0
u(y)= P \/P+"+Z:_1(CO—C)2

HH: a=58.11905, b=112136.12495, ARAEIEIRHKEEM
SRIEWE 1R, 1005 fHZR AR AR PRIE S(y)=3632.574563,
o) 6 R ANTa] i vk BE Y R BRER WO T TIE , n=6
Wo p HFERIEBCFATIN R IREL, p=6; Co NFERIEW-FAT
W 6 RIS IR EE o C bk 2R A bR oAk B2 -1
i, bRt 2l & R | ARIAHRE B u(y)=3632.574563

RHRERH0EIE | (y) =2~ 0.0122.
C

24 EEEMNESINNBEXNTHEE

T ICP X3 T Y rh B & i i AT 6 P AT E , T
TELEIN 446, 448, 448 444 448 451, 447.5 mgkg!,
PHIE 447.5 mg-kg!, il DU IR A2 L A PR 1Y
PR 22y $=2.4921 . 5 M E 5 AR AEXT AN B
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B ——5 00056 KA AHEAT 2 YOSy 242 SC0 | FRIBURE S T B2

u =—7>=0. °

" 4475 20 mg, SRS IRRESH KRN 34.1% . 34.3%, HFRE A

2.5 ICP 5| \HIHEMN T HEE

ARYE T B BB 5 55 B AR R S
KRS, ICP AXT Y A E BN U (=3.20%, 1
T k=2, #ICP AT A B A X R B B

urel (P) =

2.6 BZKEIINNEXNTHEE

ST U K SR T A T I 1) T PR 14,
AEHCE RIS S AR PR 1 8 5 B
IRET AR A

(1) B KRR BRI S| AR AN

AR T IOTIREIE S, HAVFHRAIRZER 0.5 mg,
LU I NS B IVNEN i 0

U1>‘(
—£=0.016-
2

U,
u(M)=—2L =0.2886mg

V3

0.2886
U, (M) = m =0.01443

(2) FARARE L IE T AR AN E L

n=2 i, A2 REERMN C=1.13, RAMZETIHE S/KEE
SLINRE I ABIFIXT AT E L o

um,(f)::lﬁiij%m::Lzsleo*

2.7 MHEBIRERNBE

AR 3 B AN 8 BB, B RIS R BT
AN T 3t 3R ARG BRI AS B 2 3R o TCP 3k 3k
T U8 PR AR e A S B2 G195 2 %

3.5%10°

3.0%10°
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Fig.1 The standard curve
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Table 2 Relative standard uncertainty

Fs KiR s MERHEE
1 FRUERE & tret (p) 0.0035
2 FERER et (V1) trer (V2) 1.022x103, 7.035x104
3 RO MR UERE S R tret () 3.652x10°
4 BRI trer (1) 2.0511x103
5 P&t et () 0.0122
6 o mE S M tret (R) 0.0056
7 ICP St tret (P) 0.016
8 BKARE PR i Uret (M) 0.01443
9 B E S D uret (f) 1.252x10°
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HEXT A R AN B 5

urel (X) = \/

urzyz (p) +“yzel >) +urzel )+ urzel () + urzel (m)
+ur231 ») +ufel B+ urzel (P) +”r2ez (M)+ urzel o2

=0.026

2.8 T RINENHAEESHERRKIL

WCE G p o 95%, (8 ¥ k=2 i, K45 JIF
1059.1-2012 A2 B S8R ) U5, P RAH &2
FE K U=k xu (X)x X =23.27 mg-kg'. 1CP 305 T 15 V6
FRAE AR AT 8 BT R X=447.5423.3 (k=2).

3 4 #

TR AN FERUR ST, IO v T A -ICP 0
Airs e PR & g | A E B E R K2 ICP {1, ICP
A% R IB TR R AT I 25 SR A 2 ) S LA it , 7
WrEd i, B TslRrER M E 2t fEEt:, W58
ARSI WS | S5fban AN IE 2 | JAETRERSE, gl
FE W RAR I A R TAERSEFHU IS MR e M. WA,
AR RE T T A 3 0 R 03 DA B AR AN — 5, B T3 BRI 55
WAE . B, RS AT IE R, ST T
BCE TR TR, ARYRAE SR AE S 138 Al 1) AR ) (19 455
TR, LIAS B ARG 455 . seah, dsiem
TR TR VAR A0 R R BSRIARE s 9 2 2 0 R 8K, DA/ 7k
FE S PR R FIFRHE I 2 & 5 AR AT E B o
S 3k
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