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Abstract

Ion chromatography, as one of the most commonly used instruments in nuclear power water quality
analysis, can accurately and sensitively determine anions and cations in water. A power plant uses
a domestically produced ion chromatography, but the negative intercept of the standard curve is
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too large in nuclear power application scenarios, which leads to a large measurement bias for low
concentration samples, a large relative uncertainty introduced by the curve, and poor accuracy. In
this study, the samples were re-measured by using a low concentration range standard curve and a
calibration curve corrected for the low concentration conductivity response value, and the results
showed that the measurement deviation using the low concentration range standard curve and the
calibration curve was smaller, the relative uncertainty introduced was smaller, and the accuracy
was significantly improved compared with that before modification.
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2. REI5
2.1. RFEEENUE, &%

F GBS TR AE TAE T BRE(E A 88 S TR il Gy, BB FIREE A C(F) =20
pg/mL; C(CI) =30 pg/mL, F~\ CIAXH EAHE U=2 pg/mL (k=2); C(NO;) =100 pg/mL; C(SO;)
=150 pg/mL; c(Po}) =150 pg/mL, 20°C £2°C, NO;. SO PO, HIXHH BAHE U= 14 pg/mL (k
=2)), TICBE AR R (E R (88 AR il i) R AR RS, ASFEIX

HE P OB TE B T L T RSP ORI T AR BB AT IR A ] M4k 1 mL Biiie. SmL
Bike, Pra vt EaS R RN T R R E A .

2.2. REWHE

S CEAHE IV E 5RR) ARUESAT AT BETHE . MR E &2 BT igad T2 i 0 3R
DRI, SR TR IS DL, ARE R SR BT, IR R B RAIC B Lot T
(F CI'v NO;. SO FIPO; WritE TAEMIZE, WEIKE CCI)=1. 2 5. 10 pg/kg S/NEFRHE 2k
C(CI) =1\ 2. 4. 5pug/kg BEATIRIERT LG, A MR B8 3 v VA PS8 PR LA () 10 2 A°F o DA g/ ity 28 rh i i
ot K 22 o [ B8 E S BT I iR I HERA I, 722 BT AR U A [ I, SR AR E) ) AN IR B
e B 57 B P b v A (LA R RIFR BRI, TR (C(C) = 3 pg/kg) W B 7E TAE MR Py, H SRR
PEVE WL BV P 8 5 PR AR TC B VR AR SRR ZE 4R RIAE 10% A LURA DR AE i 20 (R s 8

23. fREERBERNEESZEREEHE] =

W BEEHERRFRRE 2 H bRk SR RG22 A T HERA I DGR AT 32, AR/ F2 AR S NI 22, PR
YRR A B KA BANEEIT 100 %, 25 AN [RI B FE R g2, CERC B o B - (RN (C(CT) =
300 mg/kg), AEFIFEHL 1 mL Foc B FhadE TAEMZERE, 200 KFHinmaik(18.2 MQFREEE] 100 g.

REZBAFERRUEL SR BE AL pg/mL, 175 HL) A6 2% 0B IR BE S0 me/kg pglkg. TRBFH
AT RAT R, KREZHCE) RIEEMBE, E— R E MRS AR E i s, mk2H
PR BRI B B — N ug/mL, B EFREZRS T A RIS T, BREE B AlK % FEAN A R AR
SO, DRGCR FH B SRR, 2 8 LB BRI FE AL S BRI VAR B B A —

2.4. FREMZTHERFER
PrAET LG MR N A = BIC + By, A A WA IETH AR ((us/cm)*min), C A TR E (ug/kg),
B NFRUEITZE BRI, Bo NFRUE M 28 #70 ;
Zn:[(x/ - f)(Af - )7)}

B =+— - (M
;(xj - f)
SR xy AR FRAE 2R VT PR IR S E (ug/kg),  * AR FRME B2 P IR I (ng/ke), 7 18
SV T AP BB ((us/em)*min),  A; AR RS2 T A ((us/cm)*min) o
A HE R 22 W T R 22 v s 22 T B 20 20 R s«

e 2
Spa =\/E;[Aj (B, +Be,)] @)
Q) 438 j MFRHE RO RLES AR, o —28 j AR RO B TR, n—— B
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Figure 1. Non-compulsory origin-passing standard working curves for F~ and CI™ ions
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Figure 2. Non-compulsory origin-passing standard working curves for NO;, SO; and PO; ons
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X Fo Cl &A1) TAEM &AM G, SRR ICTAR th & m il AL bR 5 A 77, By
MR N y BEENT < [E9/MERE L, (HZRPEEE, AN 2 RA ST ER I (R-Square <
0.995), 5 REAX A By 18 25 A S T2 AR5 A VR ) A JIC TS S fEL, 7R b T 28 7 5] NABEE mT DL B A b i 2
LR,

K ARG H3L R 5 LA 7 ST F-y Clo NO; . SO FI PO, BB T TAEfhZk, ki 1. |5 2
/R, Fu CI'y NO; . SO; M1 PO, TAEMIZRINTE y fh FAFERF RN FERE, XERRIEIZK TAEIZ
T, HUERAE N 0 B, X ROREFAMKCN 0.27. 045, 1.52, 1.62. 2.76 pg/kg, *F LA iR FE T 3F 0 58
% 1C5000 BT i brie TAERMZE, WR%E 1 i,

Table 1. Comparison of standard calibration curves for imported and domestic ion chromatography

=1 0. EFETeilinELEZtt

fastls  BETREE TAR BRI (ng/kg) LrEITRR LRPEACHE REUE X s
F~ 0.667, 1.333,3.333, 6.667 Y =0.0485*X - 0.0133 0.999 0.0485  0.274
ClI 1,2,5,10 Y =0.0269*X — 0.0121 0.999 0.0269  0.450
E™= 1C NO; 3.333,6.667, 16.667, 33.333 Y =0.0164*X — 0.0250 0.999 0.0164  1.524
SO7 5, 10, 25, 50 Y =0.0219*X - 0.0355 0.999 0.0219  1.621
PO 5, 10, 25, 50 Y =0.0095*X —0.0263 0.999 0.0095  2.768
F~ 0.67, 1.34, 2.68, 3.36, 4.05 Y =0.0535*X 0.999 0.0535 0
ClI 1.02,2.04,4.07,5.11, 6.15 Y =0.0338*X 0.999 0.0338 0
# 22 1C5000 NO; 3.41,6.84, 13.65, 17.15, 20.63 Y =0.0183*X 1 0.0183 0
SO7 5.05,10.13, 20.21, 25.4, 30.55 Y =0.0251*X 1 0.0251 0
PO} 5.08,10.2, 20.35, 25.56, 30.75 Y =0.0096*X 0.999 0.0096 0

i BER 1R, AEPRFRES T AR N ARSI AR M IR B B A ZE BN, T RUR IR 1C5000
PRE A 2R s i B s b, L2 M A O R A4 35 J2 R (R-Square>0.995), 17 ] 7 125 - € it i ) ik Ji o
I, LR AR O R B AN RE 9 2 BT 1R 2 1 B R (R-Square > 0.995), MRS AL H A, F-. CI. NO; .
SO, F1 PO, TAEMIZE A AN 0 B, FXERARFEEMEMKIKN 027, 045, 1.52, 1.62. 2.76pglkg, X
T T AR I, RIS S TR R, AR AR T AR B AR /N, R OR T T
VEMZRS x P AEE, DRI Y 12 s AR A ot U A f PR A 72

Table 2. Comparison of sensitivity between imported and domestic ion chromatography standard curves

F 2. #O. EFETRIERETFHEA R GEXL

EFRRZE [ 1C(C(C) = 1,2,5,10) E =ik 1C(C(CN) = 0.5,1,2,3) 1C5000(C(CI") =1.0,2.0,4.1,5.1,6.2)

F 0.0485 0.0420 0.0535
ClI 0.0269 0.0226 0.0338

5
iﬁj}f?ﬁ&% NO; 0.0164 0.0142 0.0183
SO7 0.0219 0.0207 0.0251
PO} 0.0095 0.0086 0.0096

I HE B A 2 R AR S B IR BV B IR AR O, T 5% 2 P [P IC T, AnitE 4 R UL EE
6 M LRI Ve Bl R PR T s, (ER AR T e 1C5000 105, AR 2R BV ANy, 7™ 1C
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RIPUE R ZLT 1C5000, X3 BIEE 1822 1C5000 5 E P B AEARIKRE T, AR BEELF . R F
W PE TR BT R (AR 3 W IR 2 1) EAp) — 85, A 3822 TCS000 BT 5, bsife fh 4R AL R DL BAR R %, A2
RIS R . PRk, PR 1C TEARIR VR, R S TR I AN s 2k, bl 2Rk G
FELEROR,  Flfs 1o R 525, Brifk T ZRIR BEVE IR /DN, SR B bk o [RIE, 3 mr DUIE I $2 i | 7~ 1C
FEARHR FE T (0 AR, s RBUEE, DAY Bk SO iy SR s o

3.2. ZR5WR

3.2.1. FREMZRTERE T th&EERIF N

PRt AR d 2k it ok, e 2 R, BREVKEERMEE T BN E TR E 545 B2 brue T
TEMM AT K. UG SR LI KRR LM, FASHREMENEERNE M, L&
FArE TAEMZRIR BB E N 1. 2. 5. 10 pgkg B, TAEMMZRTESRAEE & “10 pg/kg” W LRt
AN BRI I KT “1. 24 S pg/kg” » TEASUBAERERE R AL G AT T, T RLE
LRAVERRR R/ TAE MR i M B0 B, B bsvlE TAE B 2R A0S TR BEE N “0.5. 1. 2. 3pgkg” LL
P> T A p 2 AR R AR IR T R R . SRR 22 3 R

Table 3. Standard curve at low concentrations

3. RIRE TR

& itk = LS AR #T 2RV FE (ng/kg) 2 AL WA YA REUE X RhEdE
F 0.333, 0.666, 1.333, 2 Y =0.0420%X — 0.0042 0.999 0.0420  0.100
cr 05,1,2,3 Y =0.0226*X — 0.0010 0.998 0.0226  0.045

7 IC NO; 1.666, 3.333, 6.666, 10 Y =0.0142%X — 0.0070 0.999 00142  0.493
SO* 2.5,5,10,15 Y =0.0207*X — 0.0150 0.999 0.0207  0.725
PO> 2.5,5,10, 15 Y =0.0086*X — 0.0102 0.998 0.0086  1.188

W b5 3 FR, bedE TARREE stn BERF RIS, H X A#ERE R 0.1, 0.045. 0.493. 0.725. 1.188,
R ETE S LRI X BHAREE 0.274. 0.450. 1.524. 1.621. 2.768 [FALL NI 63%. 90%. 67%- 55%Fl
57%. AT LUK IUAEAS O AN 28 1 B8 B KA LR MR T v a4 b, 38038 M B . 46 /0N A i 28 1 i
0 B AT LA 298/ AR it ek
3.2.2. {BRE TR EREA R ABIEORI

TEA SR ARAE TAE th 20 Bl T4, @ 3R MR B NS 1 R BUSE, T A 380/ i 4% 57 s
RN 4 Pow;

Table 4. Comparison of standard curves before and after modification at the same concentration

4. FERZORERRIR, (Z2ET/E R EZx L

(E ZiE L S TAE M ZR I (ng/ke) Ltk ZMEMIOGHE REUE X Hhih
F 0.667, 1.333,3.333, 6.667 Y =0.0485*X ~ 0.0133 0.999 0.0485  0.274
cr 1,2,5,10 Y =0.0269*X — 0.0121 0.999 0.0269  0.450

BT NO; 3.333,6.667,16.667,33.333 Y =0.0164*X — 0.0250 0.999 0.0164  1.524
SO; 5,10, 25, 50 Y =0.0219*X — 0.0355 0.999 0.0219 1621
PO} 5,10, 25, 50 Y =0.0095*X — 0.0263 0.999 0.0095  2.768
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gk
F 0.667, 1.333, 3.333, 6.667 Y =0.0676*X — 0.0060 0.999 0.0676  0.089
cr 1,2,5,10 Y =0.0364*X+0.0016 0.999 0.0364 0
REERHZ  NO; 3.333, 6.667, 16.667, 33.333 Y =0.0203*X+0.0014 0.999 0.0203 0
SO 5,10, 25, 50 Y = 0.0242*X+0.0098 0.999 0.0242 0
POY 5,10, 25, 50 Y =0.0121*X — 0.0040 0.999 00121 0331

W BTN, G B A B RS e S A DASE b v i 4 ) R BB RO R 3 . ARTR] 2k TS
BN, gk RS F RN 0.0485. 0.0269+ 0.0164. 0.0219 % 0.0095 (4 HI%IR. F-. CI'. NO; . SO;
PO )& EHINE 0.0676. 0.0364. 0.0203. 0.0203. 0.0242 & 0.0121 (4 #I% B F-. CI'v NO; . SO;”
PO, ), AR S ThrE 2k RGN, FHF B x Pk thFOR 1 0.274 B8N % 0.089, [FLL
B 67.5%, PO} B x SR th 5K 1 2.768 S H/NE 0331, [FILLFRIK 88%. % H& B tH A7 7R
BN, fEAERAE 2GR By B OB AR Y IE R, KON 0.0016. 0.0014 £ 0.0098.

3.2.3. %A, RREHZE K IEMZEM A SINNTHE D
FAZCAT o ARHREE T BBl h 2 B IE ih iy N BN 58 FERU AR b, 2510 R R PIR ;

Table 5. Analysis of fluoride ion uncertainty before modification, at low concentration, and using the calibration curve

F 5. EME RIREAREMEZTREFAHEEI T

SEIET AR Aj (uS/cm-min)

TR x(ng/kg) A T A (uS/cm min)
2 T
0.667 0.02318 0.02294 0.02306 0.01906
1.333 0.05066 0.05065 0.05065 0.05136
3.333 0.14241 0.14214 0.14227 0.14836
6.667 0.3126 0.31304 0.31282 0.31005
A& CRCHT A A 2R PR IR EFME 3 S TR AR P 4E 0.1322
3 -7)(4,-)]
B(F)="— =0.0485

_\2

Z:(xf _x)
B,(F")=-0.013287 U s =0.0173
0.333 0.01052 0.1066 0.010586 0.009792
0.666 0.02319 0.02326 0.023224 0.023792
1.333 0.05103 0.05112 0.051073 0.051836
2 0.08029 0.08063 0.080461 0.079879

R R B A i 28 PRSI 25515 1.083 SEJUE T AP 341H 1.01236
Z[(x/. -%)(4,-7
B(F)="+— =0.0420
2
(xj - f)

U mw = 0.0063

DOI: 10.12677/aac.2026.163022

200

oA R


https://doi.org/10.12677/aac.2026.163022

KT, REA

0.667 0.037139 0.037292  0.037215 0.039052
1.333 0.084475 0.084604  0.084539 0.084082
3.333 0.222285 0221832 0.222058 0.21931
6.667 0.443347 0443789 0.443568 0.444736
R IE it HARWR P31 3 ST A S {H 0.19684
3 (s, -%)(4,-7)]
B(F)=-— =0.0676
2
Z(xj - f)
i=1

B,(F~)=-0.006 U s = 0.0058

an_E RPN, AT AR KRG IE FB FARERL A #2851\ BIAR S ANH 2 FE KN 0.0173. 0.0063 F1 0.0058,
AR AN 2 RN, HERf I

Table 6. Analysis of chloride ion uncertainty before modification, at low concentration, and using the calibration curve

= o. IEAT. RIRERREMETREF I HEE S

B o(ugke) SEPNET A Aj (uS/cm min) w%m%ﬁ. o
1 2 FI5{E (uS/cm min)
1 0.019717 0.019356 0.0195365 0.0148
2 0.040863 0.0411 0.0409815 0.0417
N 5 0.11532 0.115649 0.1154845 0.1224
T'ZE&HZ?(EHH 10 0.259901 0.261285 0.260593 0.2569
) PRI T HME 4.5 S T AR 3548 0.109149
Bi(CI") = 0.0269
Bo(Cl") =—-0.0121 U s =0.0256
0.5 0.013105 0.01413 0.013617 0.0103
1 0.022479 0.022434 0.022456 0.0216
‘ 2 0.045361 0.045978 0.045669 0.0442
W&%’ﬂﬁ% 3 0.06925 0.070024 0.069637 0.0668
i HOHRRE T 1.625 SV AT 0.037845
Bi(CI") = 0.0226
Bo(CI") =—0.001 U e =0.0111
1 0.036671 0.03671 0.036690 0.038007
2 0.075893 0.075907 0.0759 0.07437
5 0.183485 0.183477 0.183481 0.183459
K IE 2R 10 0.365382 0.365075 0.365228 0.365274
BRI THME 4.5 S T AR 358 0.1653
Bi(Cl") = 0.03637
Bo(Cl") = 0.001644 U #4=0.0041

wEE 6 Fron, BT (RIRE R IE CU B FhraE LG i 28 51 NIARXASH 2 FE KN 0.0256.
0.0111 A1 0.0041, FEXT AN E E#EN, HER TR
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Table 7. Analysis of nitrate uncertainty before modification, at low concentration, and under the calibration curve

= 7. 1E2MAT. (RIRE R IE L TRHER IR T i B S0 4

B X (ugke) SEPUETA Aj (S/cm min) Tué\m%@. 0
1 2 SEHME (uS/cm'min)
3.333 0.035416 0.036093 0.035754 0.029543211
6.667 0.081432 0.081672 0.081552 0.084110789
o 16.667 0.240801 0.240583 0.240692 0.247780789
1[%%?7’@% 33.333 0.525479 0.522492 0.523985 0.520553211
FRIR BT HME 15 S T RASF 35 0.220496
B1i(NO;) = 0.0269
Bo( NO; ) =—0.025008 U 44=0.0152
1.666 0.018599 0.019232 0.018915 0.016682182
3.333 0.038888 0.038796 0.038842 0.040398591
o 6.666 0.085323 0.085453 0.085388 0.087817182
ﬁm%’ﬂ/ﬁ% 10 0.137128 0.136912 0.13702 0.13525
FRIR BT HME 5.41625 ST ARSF$5{E 0.0700413
Bi(NO;)=0.0142
Bo( NO; ) = —0.00702 U #4=0.0116
3.333 0.064883 0.064895 0.064889 0.069088559
6.667 0.138666 0.1387 0.138683 0.136845441
16.667 0.344424 0.345337 0.344885 0.340075441
2 1F Hh 2k 33.333 0.677558 0.675771 0.676664 0.678778559
PRI HME 15 SE T ARSF24{E 0.30628
Bi( NO; ) =0.02033
Bo( NO; ) = 0.00135 U s = 0.0072

U EA 7 B A BT ARIR B B AR IR R ERAR B T W D & 2 5N AR ASE 32 FEAR KON 00152,

0.0116 1 0.0072, AHXT AW E EEH/N, AEMPERE.

Table 8. Analysis of phosphate uncertainty before modification, at low concentration, and under the calibration curve

= 8. ERAT. (RIRE R E ML T BRIR T 1 E L S0 4

BIFHIE x (ngke) S UEETHI AR Aj (uS/cmemin) w‘%ﬂéﬁﬁ
1 2 S (uS/cm'min)

5 0.026542 0.027552 0.027047 0.021252

10 0.065409 0.067147 0.066278 0.068807

25 0.202089 0.208114 0.205101 0.211472

T@ja&ﬁgj—“ﬁ% 50 0.451489 0.453263 0.452376 0.449247
- FRB IR 22.5 ST T F 4916 0.1877

Bi( PO} ) = 0.0095
Bo( PO} ) =—0.025 U 4=0.0168
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KT, REA

2.5 0.01324 0.013404 0.013322 0.011277
5 0.031242 0.03215 0.031696 0.032767
10 0.072017 0.073554 0.072785 0.075747
TEW&%;‘/T?‘{E% 15 0.119996 0.121455 0.120725 0.118727
) S P41 8.125 ST BT 0.05963
Bi( PO} ) =0.0086
Bo( POf{ )=-0.0102 U w%=0.0139
5 0.052956 0.052424 0.05269 0.056592
10 0.118541 0.118793 0.118667 0.117217
25 0.304283 0.303637 0.30396 0.299092
e 1E Hh 2% 50 0.600391 0.599808 0.600099 0.602217
FSIR P 22.5 SN T ARSI {H 0.26885
Bi( PO’ ) = 0.0086
Bo( PO ) = —0.00403 U 1:5=0.0080

2 8 Frow, AB BT AR B SR IE B R AR 55 B E AU 1h 22 5 NI AT AN 5 FEAR I 0.0168
0.0139 A1 0.0080, AHXTAH & FBERRAN, HERFR PR S

XFARAE AT AR L /) i 2 A 1 i 2 =P AN [R) 2% T 45 380 1) 2% B 1 b o4 | 2 gk A7 b v it 24005 51
NIIAHE AT, 45 RWTF & 9 FioR;

Table 9. Comparison of relative uncertainty before modification, at low concentration, and with calibration curve

FO. BT RIRE RRIEMLZSINNBN A ihEEX R

RS ERRES FEIIAE & 10 0 &-FME (ng/ke) S wr U ps U s
AT 1.99 0.0032  0.0344  0.0173

F- R A it 1.01 0.0006  0.0064  0.0063
R IEHh 28 1.94 0.0014  0.0112  0.0058

KRBT 2.87 0.0038  0.0735  0.0256

cr R i 2 1.54 0.0008  0.0171  0.0111
182 1F Hh 28 291 0.0008  0.0119  0.0041

RAEHT 9.12 0.0042  0.1387  0.0152

NOs- R B il 4.83 0.0017  0.0562  0.0116
R IEHh 28 10.07 0.0028  0.0727  0.0072

RAE T 13.19 0.0039 02219  0.0168

PO ERHR JE i 2 7.07 0.0017  0.0983  0.0139
12 1F Hh 28 14.89 0.0028  0.1185  0.0080

b3 5 RN ARIBEET . ARIKRE /NI B IEMZE N Fy Clw NO; . SO Al PO, B+ TAE £k 5]
NIIAHE ST RER, =P TAE MBS 45 RS NIAHE B U o, SEEIRIREE T il 28 REBUE S
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T, RED

RIE I ZR A R 51N BRI ANA 5 B A0y, AR BE i 2 51N (R ARDGE A A o FE FL IR, ARAS SOOI i 2856 )
SERGINIIARE E RN, 52, BIEMGN RS Rt R m, R, RIESHT
7.
3.2.4. T{ErhZ S @ BB HEIK BN ERF D

WIR 2 10 B ABRERKM R 45 R, M FERESESENE WK, KA &S TR AR, WA
VKN 0.0049 F1 0.0078, MBMCHT IR FE B AL IE # 28 F Hou MR FE K N 0,63+ 0.739, 0.261. 0.390,
0.091. 0.170pg/kg. FRFLHEE TN 0.0019. 0.0028 I, MEEAT AR S 1 #h 22 T bk B2 ik B AR
K 1.701. 1.751, 0.816. 0.860, 0. H FIRZERATLLKIL, Fl—pWEHAR T, ARRHERZLT, HXxF
IS FEEAH ZE K o ST AU R 5 TN AR AN 8 P LR B, FEMRIVRE N, ik RIBUEK,
ORI/, L TIN AR AN o BEBR /)N, 150 B 4 S IR bk s

Table 10. Desalinated water measurement results

= 10. BREVKMELER

PEA BT REIRE RN CRIETE BT FIREE OREERRE LR FUREE ARSI

ZFR BZE (min)  (us/cm)*min  (min) (ng/kg) (ng/kg) (ng/kg)
| 9.36 0.0049 0.081 0.630 0.261 0.091
cr
9.35 0.0078 0.073 0.739 0.390 0.170
FrEhK
SO 14.21 0.0019 0.0998 1.710 0.816 0
) 14.20 0.0028 0.1017 1.751 0.860 0
4. BL5

B R R T 7 - i B v AR H 2R AR 2 TC5000 A AT b 2t FE ORI, [ B T il x Al
BRI, d 2 R BRI, WRI SRR RS AR, AR SO I PR AT s 7 2 PO L AN ey IRk
AR RUE o SRR, PR AR 1HE 2 e T 5 0 I S P D ot e A, T i e IR 3 T AN s R
P i 2 AR RN SN S, OB RN, B R BN SRR R AN S B, IR A SRR R
(5 SF 3 73 25 AT AN o 1 P 2 5N BRSO AN B 5 P2, 4/ s 283 ) S [ g 00 A58 i £ 94 58 00 s
R g, T IR B T A s 1A SR AN T 0 ) 55 DA it PR RE T R TE AR A, N 5 SR AE T
WA TR Hh 2k
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