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Study on standardization of determination of COD in high chlorine
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Abstract: Aiming at the problems of high detection limit and narrow application range of the current standard
method (chlorine calibration method) for the determination of COD in high chlorine water, the experimental condi-
tions such as oxidant concentration, abatement reflux absorption device, sampling volume, chlorine absorption
tube at the alkali end and heating temperature were studied. The optimized method reduced the detection limit from
30 mg/L to 4 mg/L, which was in line with the environmental quality standard of surface water. The scope of applica-
tion of the method was broadened, and the blind area of no corresponding monitoring method for high chloride ion
and low COD surface water had been solved to meet the current needs of water environment management. Compared
with the original method, the amount of reagent used in the optimized method was reduced by half, reducing the
secondary pollution of the environment. It was found that the chlorine calibration value and apparent COD were not
necessarily the same or similar for multiple parallel measurements of the same water sample, but the apparent COD
had good precision and accuracy after deducting the chlorine correction value, which explained the mechanism of
the phenomenon from a microscopic perspective. It was pointed out that the test needs to focus on the key issues
such as heating temperature, air tightness and material of the digestion reflux absorption device. The method was ac-

curate and reliable, the precision and correctness met the requirements, it was universal and easy to promote the
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use. The relative standard deviations for the determination of high chlorine surface water and water sample were in

the range of 3.6%—6.5%, and the recovery rate were in the range of 92.4%-94.3% , which were satisfactory.

Key words:COD ;high chlorine water;chlorine emendation method ; environmental management
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AR IR AR AR HE T, ¢, (1/6 K,Cr,0,)=0.250 mol/L:
TERIPRI 12.258 0 g EARTRETTA T/KH , F#5 221 000 mL
i, ER RNk

FERFREAR A, ¢, (1/6 K,Cr,0,)=0.025 0 mol/L:
V48 % TR A R VS VR (e ) R B 1045

i 2 AR — I V- PR 10 g B PR AR, 3 1 L
B B2 v, R 1~2 d 2 RS RN O
5],

B % SR 5 0, p (HgS0,) =300 g/L: FREL 30 g #i ik
SRV T 100 mL BRI (1+9) IR 5T .

o 198 0 K B b 1 VA5 W e[ (NH,),Fe(SO,),+ 6H,0 |~
0.05 mol/L: #RHX 19.5 o fif R 0.4 & 35 i T /K v, A
10 mL B R , FF 5 M2 2 S # B 22 1 000 mL, & H IIff
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Fig. 1  Glass reflux absorption device
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H10.0 mLiXAEE T 250 mLIG 4 = Mbeih 1R
P KA G IR 4 m(HgS0,) :m(Cl)=7.5: 1
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Table 1  Amount of reagents under different chloride ion
conditions
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0.025 0 mol/L; 24 COD>50 mg/L I, ¥ FH 1 e B 4 1k
& F& 0, BRI % IR B AR UHE T W ¢, (1/6 K,Cr,0,)
0.250 mol/L. % T COD Jy 55 F46 45 , AW 5% i A
U SR AR TR R S AT AR AR R R ) 5 R R S
B R T & My vk ny B AHE SR FE HI/T 70—2001
HAf E L 81 A ¢, (1/6 K,Cr,0,) 4 0.025 0 mol/L Y % #¢
[ R N N S o

EH AR T W AR
T S Ak A0 3 7 TEC A [ O o R RE B A
AN IR TR SR RS T R0 R TR R A Ak R, 7E RS R A
AR F  HEAT I A 7 AR R4 R T S
T o VW SR BT JC R R R 4% A N Y
W VE L, BHOE b4 T ek A A SR B TR
WO PR SR BRI 7 AR B COD B P
A MR ) R A o 2 S I IR A I A R o R
FBE R AR A 1k 700 A1, A 34 4 B S 3 20 BR 1Y % 1
W5 76 AR VR B AR R A 3R v S B RPN
AR WE2,

2 AEARERESBFARNCODMEL R
Table 2 Results of COD for different mass concentration of
chloride ion solution

ARl ABETHEWE, BiScoD/  COoDEfE/

(mol-L™") (mg-L™) (mg-L)  (mgeL) RE%
75 17.0 16.5 2.9
100 22.6 22.3 1.3
0.0250
150 33.9 33.2 2.1
200 452 44.8 0.9

HABFBURRE,  30%HgSO, K Ag,S0,-H, SO,  [I%i5E
(mg-L7") JA f /mL A E/mL 7K & /mL
1 000 0.3 15 40
2000 0.5 16 41
3000 0.8 16 42
4 000 1.0 16 43
6 000 1.5 17 44
8 000 2.0 17 46
10 000 2.5 18 47
12 000 3.0 18 48
15 000 3.8 19 50
18 000 45 19 52
20 000 5.0 20 54
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Table 3 Results of standard samples with different chloride

ion concentrations in low concentration

oxidation systems

SALHN/ AT U A _CoDn
(molo1-1y URAE,cop/ o BEfR/ WAEH RE/%

me (mg-L™")  (mg-L™") (mg-L™") (mg-L")
1 000 35.7 5.6 30.1 2.4
2 000 36.2 8.0 28.2 -4.1

0.0250 5000 34.5 4.8 29.7 1.0
10 000 40.6 9.4 31.2 6.1
20 000 40.8 11.0 29.8 1.4

Fe3 A RR ANV B AR R AT B
BORE o ARG T AR vE R B0 R ACRE I 3 | 3
TRV T % A A R DA Y 1/5~4/5 R ES .
F 05 AR VR B AR R 1 R COD 7E 80 mg/L
PATR 349 AT AR A5 0 1 o 1

Sy — A5 5 UE AR Mk BRI IR R I E coD Sl
50 me/L A & 0 HEG BE , BC ] COD H 50 mg/L.C12H
20 000 mg/L [ bR 7 W EAT I A2, SE I 25 SR UL % 4,
AT D00 5 25 SR EL A AR e ARG R R R

x4 RREEUEFERCODWELSER
Table 4 Results of COD in low concentration

oxidation systems

WAy #Emcops AL COD
(mol-l-1)  (me-1-1) [CIEfH/  WEfE/ RE/%  RSD/%
g (mg'Lil) (mg'Lil)
53.1 2.6 50.5 1.0
534 2.4 51.0 2.0
53.7 3.0 50.7 1.4
0.0250 1.5
533 3.0 50.3 0.6
56.3 4.7 51.6 3.2
55.9 3.5 52.4 4.8

25 b ARV B AR R ATV S i O YR I — Rk
7 ¥ B A v B SR A AR &R F Tl COD<50 me/L (1)
FE i, e v B S AR R T Tl E COD>50 mg/L Y A
b, 5 HY 828—2017 {4 F—5.
3.2 BEUMEMRAIERE

SCHR (248 2 YA o BURE R B /N B Ak
et R R LA, A 45 L A o T AR IRORE AR AR R
B, T FE T i SRl R RE T e 2
AR, 7 FH 7 22 43 BT 0 4 BHL A B o BBORE AR .

Bt 5 1 R ot JBORE (R BRURI 4 £ ) P o 2 0 52
05 W 2 19 25 1 S 80, AR F X S R H) 828—2017 %
HJ/T 70—2001 KL € (9 BCFE 14 B i 20.0 mL 98 &
10.0 mL, AL I 1 10.0 mL 8 £ 5.00 mL, [ 2 08
AR R K A R AR AR A A . 10.0.20.0 mL
Tl SRR AR, % v S B AAAT TIE AR HE P 0T L G o
ARV VR b 3R K RN A AR KRR i R AT I, 45 SR
&S,

x5 AEBHEERHYKECODMELSER

Table 5 Results of COD in water samples with
different sampling volumes

JKHE1(COD

i (163217) mglL, KFF20COD SLEAKRE S LIEH
i Fl CI-2 000 20 mg/L,CI" (CI"11 000 JKEEE:(C
mg/L] 15 000 mg/L) mg/L) 2 000 mg/L)
171 21.1 38.1 114
162 19.1 39.6 104
HURE 160 18.9 39.7 109
20.0 mL 159 20.5 422 116
173 20.9 41.8 106
167 20.7 42.6 111
¥ifa 165 20.2 40.7 110
RE/% 1.2 1.0 — —
RSD/% 3.6 4.8 4.4 4.2
168 19.1 37.1 107
179 21.0 38.2 102
jirg= 164 19.0 39.2 112
10.0 mL 159 20.7 38.1 111
158 21.2 37.9 115
169 20.9 413 106
¥ifa 166 20.4 38.6 108
RE/% 1.8 2.0 — —
RSD/% 4.7 4.9 3.8 4.4

5 HoR e 25 5 0 A X 5 2% (RE) FlAH X A%
eI 22 (RSD) 4 7E 5% LAV, W52 25 27 04 1 A B RS
2P R AL L TR R 2 R IR, PR CRE D
OANAELE W2 V22 5, Ul W IORE & 08 >F £ 10.0 mL
LK
33 SSRKEEMER

SIS A B[R] — KA ) 22 U SRR IR (B
FZRW COD I A — 5 A [F] sl AH 3T , {2 W COD 11k
ARG , B COD E A MR 4r 19K %% BE A v
JE AR 2 B KRR I 25 R L3R 6

BIXF BRI EH IR H AN 3K LR
= - R =W = 2 B D € 7S R - A G =
NG B o 43 BT I DR IA A < A 3R oh A8 O B 1 RN B T
KA RN, He ' +4C1 = [HeCL ™, % AW
TE W AR R (K ,=1.2x10,25 °C) , 24914 fife 15 & 7
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Table 6 Results of COD in different types of water samples

JKFE1(COD(163+17) mg/L, JK#E2(COD 20 mg/L, i F AR, iy Ak K RE

5H €172 000 mg/L) C1"15 000 mg/L) (CI" 11 000 mg/L) (CI"2 000 mg/L)
; E) AR B FM, AR FLE E30) AR LA FM, AR LA
coD BEIE(H COD COD  fIEfE  COD coD  KIE(H COD coD EIEAA coD
244 76 168 23.7 4.6 19.1 41.2 4.1 37.1 163 56 107
322 143 179 28.3 7.3 21.0 42.0 3.8 38.2 221 119 102
5 {1/ 252 88 164 30.2 1.2 19.0 48.0 8.8 39.2 191 79 112
(mg-L™) 238 79 159 27.6 6.9 20.7 50.7 12.6 38.1 178 67 111
271 113 158 34.7 13.5 21.2 43.3 5.4 37.9 208 93 115
265 96 169 29.1 8.2 20.9 46.2 4.9 413 156 50 106
¥ifa 265 99.2 166 28.9 8.6 20.3 452 6.6 38.6 186 713 108
o Al 22 30 25 7.7 3.6 3.2 0.9 3.7 3.4 1.5 25 26 4.7
RSD/% 11 25 4.7 12.5 37 45 8.2 53 3.9 13 34 4.4

1o A L DU SR A R 48 B AR METT IR B AR, A 25
AR 2 BRSOV AE I A R R g
A AT O T I AT RS 5D
HFENRES MERENDEAE TS5 SMHE
FAEOW b A Rl A 7 BT — R BITE A i AR
T 43 B4 B AR Ak AR RS CR BRR  A AR
BHEE TR ERERIL ASHE WA —E R R
B ST BT AL T4 A RS IR BEAE 2 W b oy
FAERZR B B AL AR TERELPE , X I 3 B0 COD
NG

AR R EAEAE — 5 B N AEAE R AL (2
WA —E M 2 H RS 5T 5050 50 R
R e B AR AR R 1 U SR e KAE R 30 mg/L A2 4,
e ok BE AR AL IR R Y SRR IE B K E 2 200 mg/L
Kt
34 HBEHREENREL

HJ/T 70—2001 H 5« & 1 [a] 37 I A 24 8
FE AT A KB I . TS
56 v R A e A I 2 R AT — s . IR A
WAL A P — B 3 em B RE A, 43
IR B AR A AR 2R, 25 3 W AR B SR A IR R 1
ARKIEEBNE, @ E R R EA KR IEA
T 0 B B A ) R AR . 3R IR Dy S 6 = T
FE: J A8 T R SR AR S i 1, T R AR AR e 2 — R A
AR, 2 5 R AR AEAF N . R ARS
S A A IO, T 3 3 B A B R DU R L 0
A PR T 2 R B R U O A R s DUAE
R N IS e Y A RN M A R
B BEAF I, 7 B AL LA 1 4, RO M SE I E B,
PRAIE SR IE A I HER
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A5 T i b 9k Pk 2D i S5 FH KR B L DA
T % 12 A0 TV WK )23 % 5t T BE A7 76 IO /N B B, IR
TN B — S Be R, 45 R it T WSO PN A i
HEELE OGN TT 5, W WSO P B A {5 i R
G0 FIW iz ke B ] . S RIE IR 34
ZIN B S A SRR A AR I O R AT, T R T R
145 B8 L FEHE AL A0 6 S 6 K 647K 87, LU fiE
PR TE B 171 3% B2 Ah 7K 23 1) 5 82 2% B 0UR
3.5 WAmSISRKSENIERE

AAREH T K, I 58 R N, HI/T 70—2001
P T e ok R e AR A S0 o SR WO T B R
SURAL A W P . Oy B v U R L
THRAC W TE, R g E 2, R
3 o He 7 28 o X5 — O i e 0 A
YR AL B A T — R W S R A I 5 ik i
T, HJFHUR ELE 3,

W A2 I ST S RSO IR AR TR AR
— YR IR AU PN ) Y T 5 &1 T ) TR — 805 R e
VAR TR I T — YR I A R TR o T — IR R )
W RSB R A RE T, A N RO T R R
ML . IR, — RIS N A Y TET 17 P 58 A T
KA MR 0 SR G , R AR —A 2
YEF 7, 25— W 8 P B TET T B B QB T T
TR WA PN IR T T R T AT RS N A T TR AR Y
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Fig. 2 Structure of secondary absorption device
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Fig. 3 Schematic diagram of the principle of

secondary absorption device

J1(P=P K E+pgh,) s R hy>h,, It LA TE 1l — A~
JE 125 38 4 RS P AR A R R I ) E
AR P R A S — RO A
WA, LIRHIE S AR R L TR K
JE 7 28 ZH0, R WS A AR — LA RSO Y
T, SE 4T S 55 0 W50 A S ) B 1]

SR LY [ E AU T, S W RIS R R
W T A X SR IR %, ¢, (176 K, Cx,0,) R
0.250 mol/L 1y & e B A A AR 3R T i 1l B 4 Ak 58
5L 45 R R T,

MF 7 AT, 900 me/L 1 & 2 1 (X RZ COD 4
203 mg/L) 7 AR 1 S8R W I v e e, T E S B e
{H — 25, U6 B S0 AUREIE (B <200 mg/L B, 22 W W i 5
R R S A R 1 R OO T R —
FE SR E o SEPR T AR AT fig 38 2 R 52 2% 1 R ik 7K

xR FRARESENSETFELIERNEER

Table 7 Results of chloride ion oxidation experiments with dif-
ferent absorption catheters

IR IR WA A

MG MR AR AR

R A

crv MWE 5 wL/min 10 mL/min 5 mL/min 10 mL/min
(mg-L7") WAL
W WM WEE W
(mg-L") (mg-L™") (mg:L™") (mg-L™")
1 109 108 110 116
500 2 108 110 107 114
(HLiE COD 3 116 113 106 113
3 mg/l) gy 111 110 108 114
RE%  -18 -27 —4.4 0.9
1 155 162 153 160
200 2 160 159 157 155
(33t COD 3 154 161 155 153
158 mg/L)  py 156 161 155 153
RE%  -1.3 1.9 -1.9 -32
1 200 206 198 206
900 2 198 201 196 200
(#ig coD 3 197 204 193 196
203 mg/l) gy 198 204 196 201
RE%  -2.5 -0.5 -3.4 -1.0

FE |, A0RE B Y 5 1A T B 52 e 5 B2 A 1) 4 O L il
AUREIE B B 38 KA 8 i s, 5 T IR ISR K
ST SARAE WSO Y I 2R B, S T I A ] 3R
W AT 4 3, 0 Sl A T A i v 1) R R 2K R ) A AT 2%
ST PR, A S BR TAE AT 3E R R A soxt
TR T Y 0 B S5 38 T A W I i 24

AR UEWOBOSCR AU B A Y Y KD
A SN BE BB e ek K, 7 A A S AR
WA 7853, BRI i PR E 5~10 mL/min, 5%
55 v g I T 250 mL W ISR L 1 R I SOV R B 2
8 cm , W IS A8 2 bty N S AT REAE VR THT LA T, — >4 cm,
3.6 MEEE

TR EE X5 I o 25 SR A R e, A G AR HE T
TR R AE < ik et 7 A VRS VR W B R RO T
HE IR, U B T R R A A 2 T O G
R SCHR (7 )48 T e I R A R
i 3 T 03, R R AR 3 Bl 78.3% I, T A T E
1E 160 “CLL b, B 4% IR B 43 fil I, 22 240 "CHE 4% R
BRSE A 0 il o DR 2H SR R AR MR B2 SRR R & L X0
TR E W E A 10 000 mg/L . COD K 50 mg/L () b5 #ERE
Al FEAS TR ARG B T R AT 905, 25 5 L 8.

122 8 A LAFE i abA il o Xof ) o 45 SR A 11 22 52
M)+ 0 AR B I, £ S O N FE 43, 1 G A2 4
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Table 8 Results of COD at different digestion temperatures

mEEIC M EE/(mg- L) B/ (mg-L™)
120 41.3 37.6 39.3 35.8 38.5
145 48.6 51.3 52.1 48.8 50.2
165 51.8 52.7 49.6 48.9 50.8
180 61.9 69.3 71.2 65.6 67
190 77.2 84.7 91.8 86.4 85

SRR AR s I ARG BE 2ok e, B 7 A R T A R R
T4 A7 Yk 3 4 R AE 145~165 °C, 1445 1 i WAk T4
W R IR AS o SE g B W XA AR
2BE T R TR EE RO A U BE i ARG I O Y A
SR R L e e 3, 2 ke E
P25 R A T 3 52 o AR B TR R T
fff T B o A% S 5 E S BR TAE N S SR A Ak A
TR RE, — P AP 81 ey 0 0 T A e % o AR
T2 R BSOS 0 S e B 3 A A TR .
Ab R BRE BT A RE LI BGR AR, W TS
IR 7 A T A B P S EE A R A TR
3.7 KMWHRANEER

SR FH 35 o S Ak B 0] B RS T T R R
1 000.5 000,10 000,20 000 mg/L, COD >4 20 mg/L i
P VA VR, % SR 00 A5 PR AT A2, 45 2R L3R 9, 7 (R
BE W 43 A7 7 vk AR ME RS T BOR 5 0) (H) 168—
2020) B2 TH A B, DL d R AEAE A RR .

®9 FTRSEFRERENFAETRNELER

Table 9 Results of standard solutions with different mass
concentrations of chloride ions

WEAE 15 mg/LAH S, 40 58 1 507 15 09 38 FH Y 1, W /2
MR IR A B T 2

FRUEJTIETR I W R A E AR S LA 1/5~4/5
Yo X TR AR R 0.250 mol/L B ER BN
475 S AL 58 4= TH FE B X B B COD 2R 800 mg/Lo
BLHil 7 COD 2 700 mg/L AN [A) 58 25+ i & Wk i &R 5]
PR HE VSR, #5290 45 100 L 25 5 L3R 10,

F10 RIRERBRHNELER

Table 10 Results of series of standard solutions

CcoD/ cl/ W CoD/ AAALIEAE/ coD/
(mg-L7")  (mg-L™")  (mg-L7") (mg-L™") (mg-L7")
748 48.4 700
714 21.0 693
10 000
720 30.0 690
727 29.8 697
700
734 34.9 699
730 34.6 695
20 000
722 29.4 693
717 20.6 696

i 10 A WL, W COD 7E 750 mg/L UL K, I &
45 FAT EL AT B0 0 RS 5 38 RN AR B, B AR v
E PR M 700 mg/L, 5 HJ 828—2017 {15 —5 .
3.8 SEERHE A E

39 A VA 2 1 OB T b 2 ZK KRR DA A A Ml R K
SR RE i AT 0 A AR AR A A [ BT A R 1Y
COD i #EAE &, 058 s 5 5T o v B2, 11580 A [m]
W A R ILE 11,

F11 EEREREMRNIRKER
Table 11  Results of spiking test of actual samples

5 25 2R /(mg - L)

WA W MAEERE o e
mE vk ke mdkm R

I 5E AL 1000 5000 10000 20 000
mg/L CI” mg/L CI"  mg/LCI" mg/L CI”

1 21.4 21.2 20.1 22.4

2 23.0 21.1 20.2 20.7

3 21.8 21.4 20.2 21.3

4 21.2 20.8 21.0 19.5

5 21.5 19.0 21.5 20.8

6 20.3 19.6 20.7 20.0

7 19.7 19.6 21.2 21.0

bR i 22/ (mg-17") 1.1 1.2 0.6 0.9

K PR/ (mg-1L7") 3.4 3.5 1.7 2.7

(mg-L™") (mg-L™")  (mg-L™")
25.3 43.6 85.0
WHEKA 275 45.3 93.5
R 5 445 89.5
M7KFE, CI7 ’ 20.0 ' ’ 92.4
mg/L 272 45.6 95.0
26.1 452 93.0
RSD/% 4.9 — 2.1 5.1 —

FE 9 AT ULt BRI 5 R 5 SR T R vk
BETE R, 5l AR MR B AR R S K BT R AR =
3.5 mg/L, ¥ AH &R P 15 29 R 4 me/L; LA 4 f5 K
H BRI T R AR DT e TR 16 me/L, 5
Ml 3 7K R 55 5 £ b ofE ) (GB 3838—2002) 19 T 2K kg

—168—

Wi H e g/ WeRE/ R E/ = i
(mg-L’l) (mg-L’]) (mg-L’l) R I% IR %
116 201 94.0
110 198 91.0
AR o3 203 96.0
JKEE,C1 N 100 ’ 94.3
113 206 99.0
102 203 96.0
RSD/% 6.5 — 17 3.6 —
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R 11 A] L, MK SRR KRR E IR 26.6 mg/L,
RSD 4 4.9% , #hF K inbr N S35 {6 R 92.4% ,RSD
5.1% ; A3 A0 /K SEBRZK AR DN 2 Y94E R 107 mg/L,RSD 4
6.5% , i R AK IR (AR I {E R 94.3% ,RSD 4 3.6% o
T B BT RS 5 R R

4 e

BEXEHI/T 70—2001 1EAE A1 A A7 7E A A1 AR, 2
W T AR VR BE T ik [ G W WSk Ak IRURE AR
TRl P 55 S 0 2, K 5 VA H R #h 30 mg/L B 22
4 mg/L, #9813 HIE R, i A2 25 1 PR 4 PR A R
Fi HE S0 AR I BAGIR BE T SR [ AR Y A P A
oA T 5 o T R ) B ) AT, 5 VA T 5 2 T
B2 36 JE R, BAT i 1 A, B T

5% Mk
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