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B 3h B {0 i 7E i% M 7k A 28R B B bz
A IR
(1. [ IR K KRR W A6 5T st JE st 100101 ;2. JEATHT H Sk A RS A /KR W e, Jb 5T 100101)

W OE MRS TR A 3R AL A K R AR A T X B AT, XA R B R A R [R] 28 R S BR K
IR SRR EA R, A A 25 SR A s R A I A SR T 5 A A R S T TR A A R R 2. 4 me/L,
ME TN 5 mg/L, HBIHALHEEZKBRA 0.5 mg/L,ME FRA 2. 1 mg/L, BT F TIHRED, RilA Rl He 5 e
FEM , ) R E A AR I 22 < 0. 46% , FAXTIR 2 <0. 22% , T T30 & AR R AR i 22 < 1. 46% , X% 22 < 2. 79% ;
SEBRRE S AT AT RURE ST, A S B AR 224 0. 05% ~0. 43% , T T3 B AR R 2E 0 0~2. 99% , B r] 8] A 3,
ST S A T LT PR 5 B R B R DN 5 L TE RS . X 33 4 STBR K B I 45 HEHE AT IE T ¢ KB S5 P=0. 146 ( >
0.05) , ZHPIF LR EZS, T TG ARG RS EE FAH R 254 0. 30% ~2. 03% , N G 25 B o X AN [A] ¥
FEAKAEREAT Ik [0 R B6 , T T3 2 AR By 90. 0% ~ 108. 0% , [ 31 #5372 B ks B e %y 95. 8% ~ 104. 2%, 55
NTU PAF KBRS R B R A 25 SRR AR S 22, T T B <3. 7%, A S A0 B < 1. 5% , 3 B2 7545 50 % A6 0 285 SR
AR REA A E T T T VR S BRI SRR Rl 4 AR K e B SRR A R R R, [ Sl A S TR R
JEST P f 2 R T Ak 3R, SEBRRY REARAGIN A= T5 AR R /K 40U8sk 7 B RL ek b B ) R o i s e,

XEEE BE AZRfMEEn FLWEEE SEEMEKRE Feekrm
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Application of Automatic Potentiometric Titration in Determination of Total Alkalinity in

Water

LI Peixin'>** , ZHANG Yuchen'

(1. Beijing Monitoring Station of National Urban Water Quality Monitoring Network , Beijing 100101, China;
2. Water Quality Monitoring Center, Beijing Waterworks Group Co. , Lid. , Beijing 100101, China)

Abstract This paper compared and analyzed the methods of manual titration and automatic potentiometric titration to detect the total
alkalinity in water. The total alkalinity of blank samples, quality control samples and different types of actual water samples were
tested. All test results were within the test requirements and the test results were reliable. Detection of blank samples calculated the
detection limit of manual titration method was 2. 4 mg/L and the determination limit was 9.5 mg/L. The detection limit of automatic
titration was 0.5 mg/L, and the determination limit was 2. 1 mg/L, which was significantly lower than that of manual titration. For the
detection of quality control samples of different concentrations, the relative standard deviation of automatic potentiometric titration was
less than or equal to 0. 46% , and relative error was less than or equal to 0. 22%. The relative standard deviation of manual titration was
less than or equal to 1. 46% , and relative error was less than or equal to 2. 79%. Parallel double-sample analysis of actual samples
showed that the relative deviation of automatic potentiometric titration was from 0. 05% to 0. 43%. The relative deviation of the manual
titration method was from O to 2.99%, which indicated that the automatic potentiometric titration method had better precision and
accuracy, and the detection results were more stable. The paired ¢—test was performed on 33 groups of actual water samples, and the
result was P=0. 146 (>0.05), indicating that there was no significant difference between the two methods. The relative deviation of

the detection results of different personnel by manual titration method was from 0.30% to 2.03%, and the personnel deviation was
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obvious. The recovery rates of water samples with different turbidity was from 90. 0% to 108. 0% by manual titration and from 95. 8%
to 104. 2% by automatic potentiometric titration. The relative deviations between the measured results of water samples below 55 NTU
was less than 3. 7% by manual titration and less than 1. 5% by automatic potentiometric titration. Whether it was shake well or not has
not has no significant effect on the test results. Compared with the manual titration method, which is easily affected by factors such as
the proficiency of detection personnel, professional technical level, and color sensitivity, the automatic potentiometric titration method

can take into account the accuracy and work efficiency, and realize intelligent detection. The field of drinking water needs to fill the

gap in the national standard method of total alkalinity as soon as possible.

Keywords total alkalinity —automatic potentiometric titration

K R R AR K T A A T BRI H R
fIHR, R F K H OH™ L COY \HCO; 554 i iy i,
SR TR K R AR M g R DA B K Ak 3
TEHEA—E MmN T AEf ), K
A A 1 RV BB B 2 P TR B AN VK SR B
XF pH OS2I W RE K T 2B 4T A vEE 41k 24
FUB AR I VR AR K TR Iy T 3 5
SPPHE F (Na®  K* ., Mg® . Ca® 28) FI B 7 (Cl,
SO3 \NO; \HCO; %) W8S T Y B 3047 B BH B -1y
THA T HIWAES 2 B 45 SR R SR A B N, fE R
e AGI B R e Al A I H B BH 5 - V-l b
A BT B, B R B T
T E R SRR A, T I A AR DL S
FEAE A 7 70 A Vi S 2 0, R TN B3 P A AR B
AR KT X B0 o 1) B R 4 5 W %o i
SR B IR, DT L 42 52 M Rz ) 235 2R %) o A
MRS, B S A E R T T E R
F Ak, 3 1o F AV A2 1 2 AR 2 I G 2 BR P A
LR, WOrEAE I i T 75 I AF8 /R 5, AR5
FES ISR MR | 5 AE TR &R DL A BUKF
S AN REAR RS I A e R e I, T RE RN
F1, 528 A shARAG I B4Rk T ki PRk, R
FHZ K RBE KRR, BE K /K U5 32 540 55 AR s 3t T 7K
A g AK, VUK r K AL PR S AR R KR, KT K
JEANTR] oK T2 A fr e 5, AR SCR A 7 3k il
ARERVERHL T AWK MR AR JRA KR
IKT KGR T K RIS W 7K B AS TR) e B ) I 4
AR it , X T T3 2 R B R A TR S T 1 M R R
K B B BEAT T FE AT, 454 SE BRI T AERR 5 3
VAN 7 3R L e 5 R 19 Bl F S 30 o T A AR S B
R e bR R AT
1 R E
1.1 {XEBig&E

{81 %% : 855Robotic Titrosampler H 3 H {37 i

manual titration high turbidity water sample intelligent detection

EAN ( Metrohm ﬁﬁj:) ,pH I B B A% ( Metrohm Fit
+), AR 43T K7, iR =% 4 (50 mL)
HEFEH (250 mL) , WS A
1.2 RF

Tt CO, 7K« BE 370 BT FH 04 = G /K A FH i &
15 min J5 , R HIEZER

Na,CO, FRAEA(1/2Na,CO,=0. 100 0 mol/L) ;
8 %% J3 GBW (E) 080969 fY Na,CO, £
IR bR IEY) T

HC1 FRAEZE (0. 05 mol/L) ; f2 Bl 4. 2 mL HCI,
WT KR, R BEE 1 000 mL, B 6 5%¢ 85,
Na, CO, FRUEE R E HILIRE

FHEERE 45 75 77 (0.5 g/L) : FRHEX 0. 050 g HT &
BT 70 CHKH A0, il % 100 mL,
1.3 FILEEE

IKAT M BRAT 8 BB BE A o Ry R i 2 A 5K
e TR KSR B SR K K 56 U7 ) (GB 8538—
2022) " H AR IE S 2AGE TR R AR TR K
FERRAGINRE | BA AT A= T35 AR FH K R0 7K R 7K HR 1 A
BUEE I TChR eI IE T H

GB 8538—2022 Hfv L Hid B 1% A I 7 2 R T35
FE T SR AT SR FR AR VA TR — R AR R KRR T
ZHE— pH M A AR SRR, HERR RS X
50. 00 mL ZK#£F 250 mL HEIEH, A 4 % H 3
PR, AR 2 1 HCL b v I A7 i 2, L3
VAN TR €5, P A B €0 W A8 S A 218 VR Y pHL
h4.0,185% HCLJHAFER AR, BRIAT TR H 7K B
JEM BT E[ (1) ],

c(HCl) x50. 04xV,

p(CaCo,)= v x1000 (1)

Hirr:p(CaCO,) —KFER B , mg/L;
c(HCl) ——HC Hr W 19 4 o 79 2 vk
J mol/L;
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50. 04— 1.00 mL NaOH ¥5 /i i & 855Robotic Titrosampler [ B HLA {4 E (X BETT
[¢(NaOH)=1.000 mol/LIAH M LL g 38 W€ Sk HE MR A9 A B 2 98 18 7 ) 39 Ok 18] 8 AN 78
7N RBRUEE (L CaCO, 1) BT, g5 (1) AR R A KR AT LR BT A P
V,—— M K FETHFERR HE HCL ISR A, PR T e i R v B S AR A e AR R Af

H, mL;
V—KFEAAR  mL,
1.4 BHINBALFEEE
F gl H A i 5 ASGE AL IV AT B R A
FR A S eI o RN 53 AT IR
SR TR E FR T, 5230 B 42 T A v 40 b 2+ 1

B4 HCI % 52 VR B2, K% 1 7 WO 2 F s AR &R 1 Bk
Gerb, MR TC AT DL R S8 B AR G T Y N 24 A Fig. 1 Mixing Method

Ry B fdad i se b i e et 2 R 51HE
MERG, WELFERMEHERERS R 2.1 FERHRI LA
SN WAE R A oV B D k2 SN D pivs i & R L K 3D AR (I3 S 0 50 A D7 35 s v AR 1T B = )
MU TR e A R RGOSR E (HT 168—2020) UHLRE , 43 WA T TR A
PRI B i A A L A Al 2l R 2, el (o i W 7 2 000 5 2% A KRE 7 0k, AT
AR LAV SR S 0 A 2, B A AR GE LAY bz 7 ik i e BRI 5 T B, G 0 4% 2R A
A AT, O RER, 1R,

R TR R UE T BRI A R

Tab.1 Results of Method Detection Limit and Determination Lower Limit

ik 1 2 3 4 5 6 7 EEME FRMERZE R WE IR
FIMEE (mg L") 4 5 5 4 3 4 5 4.3 0.8 2.4 9.5
E AR E s/ (mg L") 1.8 1.5 1.7 1.5 1.9 1.9 1.8 1.7 0.2 0.5 2.1

ERR F T EEAHRA 2.4 mg/L, M (131. 6+4. 6) mg/L B BHEFE o, 5 T 3 e e fn
FETFFRA 9.5 mg/L, Bl ALK EEK RN 0.5 H 2 B 7 R 3 AR AR 7 YR TR
me/L, ME TR M 2.1 me/L, B BAR T T Tk, AEXT AR E R 22 (RSD) FIAH TR 22 0 il 45 SR 4n 5k 2

2.2 [JREEHEGIENLE RIS B,
TR 9 4> 5 M (87.0+3.0) mg/L Al gk LN R 2% SR A4 7E s R R B YT L Y

T2 AR PRI B A Y 4G
Tab.2 Results of Quality Control Samples with Different Concentrations by Two Methods

) T T FHE/ .
VRS ) y SR/ (mg- L") . RSD AR5 22
WeE/ (mg-L7") (mg-L7")
F Tk 87.0+3.0 90 90 90 90 90 88 88 89.4 1.09% 2.79%
131.6+4.6 130 130 130 130 135 132 130 131.0 1. 46% -0. 46%
Bl H 73 E 87.0+3.0 87.8 86.9 87. 1 87.6 86. 6 87.3 87.0 87.2 0. 46% 0.22%
131. 6+4.6 131.5  131.4 131.9 131.7 132.4 132.5 131.3 131.8 0.36% 0.16%

Kl 2 S v §E 0 H oh A A AR DN 45 SR TR A ) e AR R R 4 SR Y RSD AR X R
RSD <0. 46% , fHXT1R 22 < 0. 22% ; T T & B 4 ] ZHUEATFRRE . T L0 e A I 25 SR AR R 225
25K RSD < 1. 46% , FHXT 1% 2% <2.79% ., A FhH FBl 25 SR AR B A ot R X 158 22 B I o T e vk
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Fnai R, RUASRAREEMIL T TRERA T 34 REKEKTT 44, 70508 T 000 & v
ERG AROR R B R B, LRSS R AR IEAR A S AL E T i 10 ZOKT MK IRZKRTH oK
U SERE AR LS I PEATRRIN | BT AR P4 BT AT ARG 4 U, ARG 245
2.3 ARREIKIKEAKFHE T KSR EE 5347 AN 3 Fr7s . FHAG PIRN DT 15 AT SRR I 245 2R

PO AFRIERI L F/KIUKT 3 4> IFOKIEOK TR 22, 2 e 0 LR (1 2) .

R3 PRI AR S PR RE A 25 23
Tab.3 Results of Actual Samples Testing by Two Methods

F Tk ERZILER VAT VERP
KFSSE HEMST P FA12/ RSl . HTv A2/ FE/ )
(mg-L™")  (mg:L™)  (mg-L7') e (mg-L™')  (mg:L™")  (mg-L™") i
T KR KK 1 250 250 250 0 255.3 255.0 255 0.05%
KUK 2 212 213 212 0.24% 215.8 216.5 216 0.17%
KK 3 154 151 152 0.98% 153.0 152. 1 152 0.32%
WK KK 4 138 130 134 2.99% 135.7 136. 4 136 0.28%
KWK 5 112 115 114 1.32% 110.7 110.5 111 0. 09%
KK 6 107 107 107 0 107.9 107. 4 108 0.23%
RAKIR IKIEAK T 310 303 306 1. 14% 309.9 310.9 310 0. 16%
KUK 8 126 124 125 0. 80% 122.3 123.2 123 0.36%
KK 9 114 109 112 2.24% 110. 4 110.3 110 0. 05%
JKIEIK 10 200 202 200 0. 50% 205.9 205. 6 206 0. 05%
T KR WK1 146 146 146 0 145.8 145.5 146 0.09%
HIK 2 232 233 232 0.22% 237.7 238.7 238 0.19%
HIk 3 160 160 160 0 163. 1 164. 4 164 0.39%
2K K4 130 132 131 0.76% 133.6 134.8 134 0. 42%
HIKs 102 108 105 2.86% 102.9 102.3 103 0.29%
HIk 6 101 102 102 0.49% 102. 4 101. 5 102 0.43%
RAKIR k7 169 172 170 0.88% 173. 8 174.0 174 0.05%
LIV & 120 119 120 0. 42% 121.7 121.5 122 0.05%
Ko 101 100 100 0.50% 100. 0 99.8 100 0.13%
Ik 10 160 160 160 0 160. 0 160. 4 160 0.11%

SERLREI A XF U 20 A SEBRAKEE , A H
T3 5 T4 T BURE )RR G 22, T T30 8 7 A X i 22
FE 0~2.99% , [RIF- T 7 k45 540 B8 A7 55 B il AF XD
Fie/MER 0, (0 TCTE UL T T 15 b A s s
AT O 22 58 /N, 1 Bl A6 TR S Tk R X i 22
0.05% ~0. 43% , B W Ik T T v, Ul H 3 i
AN TR A VARG B R R, R SR R Bl A T
F1A) R X i 25 AR 6 P, T BH 1 3l HL Ao 9 T L

e et FLEE I
B2 PRI IR AT U )RR fi 22 X0 HE 45 D 4 SRRKKERSTIGE B b oA

Fig.2 Comparison Results of Relative Deviations between

BEHOUKIEIK 10 2 )7k 10 2 B RK 13 4,
Two Parallel Samples by Two Methods
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M T 0 R 1 R 1 sl R A7 i R i AT AR
SR e B PR A 51 A6 10 552 o 2K R I e 45 A A 22 S
iz 11 SPSS B T T R 15 A A Bl i AL T R 4G
A RAATHCRS ¢ K2 BT, 4 RN 4 FTR
R4 PR SR IAE R ¢ K
Tab.4 ¢-Test of Total Alkalinity Detection Results by
Two Methods

e ERp S
HfH 0. 855 45
it e 22 3.298 86
it 33
HEL/AYEBSEY 4 0.999
B 32
T 1.49
PH 0. 146

A ML AEFA W A D e 4 SR A
PARHIE 2B 91K 0. 999, J& T-HEAHICE . BEXT ¢ 46
4R P=0.146(>0.05) , B F T e M A
B AT T A VR DU SR BE 45 SR T e R 2
2.5 FIFEZEARIMLLERSH

et FH b v Jo I o) B T MR R R (1645 =
5.7)mg/L () BTHERE G, A 3 A T T E vk
S5 I B P A AR A B AT T Ak
PEUNFE 5 FioR

R5 [RGB A

Tab.5 Results of Manual Titration by Different Persons

TH
(mg-[fl)

il =]

55/ (mg-17")

£ >
Jo

1 166 169 168 168 166 169 167.7
2 161 161 162 162 164 162 162.0
3 168 170 170 166 169 169 168.7

BERIW] 3 LA B A G 245 2R 1 7 o4
REAR R BESE IR A R 5 SR AT 5 R 3 AN 5
R 285 RTS8 TR LR SRR 0 i 2, AFXT g 22
G350 1.73% .0.30% 2. 03% , A] WLAS RN 51 5~
TR E RN A R 22 W 2, T TR E e, %
BR TG I A 5% B SR 2R AR 2 ¢ i R S A 1
FIE AR ZE AR GO0 B A2 A SRR B 5 R 1Y
PRZESE AR MR R TR G2 5 A RESE
il o HE R AR K MR 2

UIREE RS R, FERE i B IR B TR,

PRV HIR i LA 37 BT O 3 o 28 o5 B (0 A Ak, S B SR
PR 22 , T T30 RO A R i R L
XoF B € A5 AR AR L 43 A A, X ARG N % ) R
KA
2.6 FAFFEKNAREE S EKERIT LS

A Hiy DX T D /KT L AR T AT AR R AR
5 NTU AT, fH/R R TE W1 Mo RS 45 R R 4 0
AFR] 55 28 20 NTU 2247, JK Aoy B i) 32 28k
PRI TTTEY , eVl - B UTIE , 2FE 5
SURS LY 10y Y I WD Ok % SR UE Al 11s 18 el B AL T2
WEE B KRR SRR 1 h DLTEY) H AR UTRE , Tk
JER AT FEAK 80% , BEHCHEAK T H T 7K Al i) ik
TR A K SR i 3 A SRR ST BUK 43
Br, 4T K BE k0. 08 NTU , A% Ml 18] 7K 5 7K 372 3k
BEA 1,21 NTU, TR 3 A s K J5 7K B 73 i B 43
WA 6.1.21.55 NTU,, S B A 1 3 /K IR
K T)— 7K S e I V2 o T 3R R e V2
WEEVR ST . 43 M P FN 7 B0 DA KRR EA T A
NI 36, i & 8 50 mg/L, K6 I 45 3 n 5% 6
Fi7N o

SEWRU VM <55 NTU BKRE, T T &
BENNAR ENSCR 7 90. 0% ~ 108. 0% , [ 2l H A3 174 5 1=
TFR AN E K 95. 8% ~ 104. 2% , Y7545 S 16 25 46 I
BRI — AR A0 R i ARG I 235 SR ) X
2T T EE<3. 7%, A AR E <. 5%, W] i
T T i, 2R I 2 A5 1 50 A i 445 SR T8 B
S ESOR I v K RE I SR TS 1 b, R
THE
2.7 WA ELRRG N TIER IR EE S 4T

T T R A A DU AR i B T A3 A1
HCL AR VAR B R B2 2 RS 2 B, A R ) oo e B A
st ERE AT L o 348 TR HCL Ao 7 3 V0 R 32 A 44 v A U
AR ARAE H RIS TAE b, At i KR o i )
W RE S PR RN A5 B S 1 s 9 3% HCL A o 1 VR MR E
F T E IR ZE R R AN, LR 6 % IR
SREOIVE v I E S (W T NN E s a
A YU SO R A B 1R 25 5 B0 TR R AR
)RR /N BT AT T S AR S PR A I T
Ve S TAERCR TSRS,

I LE R R I E Rk E [ 3
FEL AV 37 2 T2 R () 1) 152 22 7K 7, FE B AH 2505 30 6 %,
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weook R
WATER PURIFICATION TECHNOLOGY

Vol. 43, No. 8,2024
August 25th, 2024

R 6 PR IT LA A [ ok B i O 25
Tab. 6 Results of Testing Samples with Different Turbidity Levels by Two Methods

F I E Bl T E T
P/ AJRAE/ e fH/ AJRAE/ WEE/

(mg-L™) (mg-L™) P (mg-L™) (mg-L™") i
K 110 156 92. 0% 111.3 160. 5 98. 4%
110 161 102. 0% 111.6 159. 5 95. 8%
JKT A A K PR K 96 142 92. 0% 92.0 141.9 99. 8%
95 143 96. 0% 91.2 140. 0 97. 6%
JKIEIK 6.1 NTU REIMW 91 137 92. 0% 92.7 142.2 98.9%
89 140 102. 0% 9.9 141. 6 97.3%
B 90 141 102. 0% 91.7 143.0 102. 5%
93 140 94. 0% 92.6 141.7 98.3%
JKIEIK 21 NTU BT 90 142 104. 0% 94. 1 142.3 96. 4%
93 140 94. 0% 93.9 142. 6 97.3%
EIHR 94 142 96. 0% 93.2 143.6 100. 9%
93 138 90. 0% 93.6 143.2 99. 1%
JKIEIK 55 NTU IR 98 145 94. 0% 91.6 142.7 102. 1%
96 148 104. 0% 9.6 144.7 104. 2%
RNl 94 148 108. 0% 93.7 142.3 97.1%
93 145 104. 0% 93.2 142.7 98. 9%

SERE SR A ShBE A B R AT 4%
HATFEERGE , IR /R AEAS PR B, ek 7 F T
TE RS ARE WS R A e s | T4
T, DTIDRS 28 5 R 0 B v 1 0 8 3k, Jr R
FE, TAERCR S,
2.8 BYBUBEEELTREEaLEETY
v FA

BB A L R 2 s, Hop
K BRI S AR R Ak B R s L R R Re Ak A
RS A& A SR | A s
il £ 22 50 I S = A5 B AR B R 40 A58 T /K T
LI S 56 2 (R 5 38, AT B I N TR 1Y
M, U B A S R N B AR 8 A I s
R

B RE A AR B TR R ROR R )
Rl h A AN EE (R K TAERREY (GB
5749—2022) R B T iH R £ E ALY R
Na* AP A2 i 22 /K J5 1) 5 228 b, 1717 BH B 25 - F i 3
TS B U 2 R LA, P T2 AG A 43 BT AL
e A, MR S B s b 2 5B

RESHZ—" G B R A Sh e, i
SR AL S0 2= Hp I B 1 A Sh Ak B 4 T
BE, E Bl E A R VR A T K b A e B AR R Y
AT
3 Fig

(1) I T30 1 R0 8 2 A 2 i 23
KA K S BUEE Ts , R 5 AG H BR
el IR R P o O (BN E B £
AN 19 R TG M BRI S T R ARG, A 2 o A
T, TE S BRAR A X L 4 SR W A
JrEEAI S TC e 22 R TR, A B
LV E T R E MR BAR TR Ui e s, Ui
F1 Bl FL AT S TR TR T v RS S R N B
GREPE L FARACERZ /N, ASZ KN 53 %6 5 €5
JRZ e 122 SR RE I 05 S T IR e T 5, L%
TR A S ARSI A B T A

(2) F R T30 2 15 R0 Sl rEASE i R A AN
T Y2 3ok J3E 1) R T AR AT R K, T 3 o 3 b [l i
KA 90. 0% ~108. 0% , F 2l HL A 8 22 75 b [BSCR
4 95.8% ~104. 2%, I UEM , ¥ MUE R 55 NTU
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SR, ] R T AR R K B 1
PR R — PR A AL A Y i P T B, B
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JEERRT595 , YRAMK K FIK PR K B0 5 12 25 ke
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