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Abstract; This paper systematically studied the water quality changes of the regional distribution
system influenced by pipe materials and chloramination disinfection in a northern city in China. The
results showed that the water quality of the regional distribution system was stable, and the rate of
chloramine decay followed the second order kinetics which was the same as the decay mode of
chloramine itself in water. It indicated that the transmission process of regional distribution system
had little influence on water quality. Through the old pipeline simulation experiments in laboratory,
we analyzed the process and mechanism of red water phenomenon caused by the change of water
source. The corrosivity of chloramine in iron pipe was stronger than chlorine, and chloramine
increased the metal dissolution in raw water. The corrosivity of raw water would be enhanced when
the concentration of sulfate was increased. Via XRD analysis, the pipeline in which red water
phenomenon occurred contained less a-FeOOH and more 8,y-FeOOH, while the opposite was true

in the pipeline where the red water phenomenon never occurred. It was supposed that a-FeOOH
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might be the main component of the dense protective layer formed on the inner wall of the iron pipe,
which helped to maintain the stability of water quality.

Keywords : water distribution, red water, disinfection, iron release.

K AT A 3 MR A DIAR G | BER 2 5 A2 A i 5 AT AR I /KPR Wb s, A6 2k ]
KRBTSR AR 7 ST B R R AR BT RE ORI H T /KR 5 58 2275 & [ ZEpm . SR i 7K Aol 7
R B KA R 5K B AU BE T i, AT T 1 ) — MRS 2 4l 6 P A By i HE K A 19 P R A58 R )
KBRS, RIS B 57 08 1 T i RS PR 2 R A 288 ol i i e 9 —aidg e, oK
TR T 8 2 A A DT X6 P P e B i S v A P DU ) /KA — 0 i T 2ok o v o 52 7K g 45 B A )
W KRR T S5 22 75 THT )56 T 2 A 25 T AR 2 (0 B A 2 R AR 300 S, 3t A I b A R K 8 32—k
15 9 e T BUT P i K @ S AN T SBOR AR S IR RS T A UK L )
K 24%—379%" U E I ILL KIS | I AT B g K AR M, R AT R R S R A K
TEAE P E A AR R G TS e, BN PRI 2 A D0 S R H R P40 1 S B )

FEl PN A A A ) g T o R AR K AR R A AN R e Pl PR, AT it — e R B RO BIF T B 5 1
WA SR BEA JRALAL R T RERE K AL TARFR R SR A, i S /K 7 A I A S B O A Sk B
G U AE KA BRI R i, 25 BEEIAE Xt 7 J5 ) A A A e P R A A E A R K, IR T SR S kY
AT R AT RERAIE S T /K AR P 28 = BT H T KR B i B T O R RS A Ry, o e i B
THTERIRNE P KOS T2 500U, £ PO K A8 A e BGRE A ry , B 6 B X 4 K SRR AR AR 454, R
A BEIR A KR A8 B TS Tl T 368 TS K B A JHE A, %o 467 T K R R 80t . — W Bk K it 45 7 K e R AT
RENIDE ST 3 P N SR O NG A LTS gt
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1 L5 7 ( Materials and methods)

1.1 SER ik

PAAb 7 FE3 T XSl A8 X A A e X6 52 3 ok SRR S SR K MLAS B A 1 7 s R BB 48 T 1% X3
8 DR A A AT O AT 5 DX 3 B 3 e A 8 194 000 e BRF 30 140 T 7 e Ak A 7 S o A 0 SR B, e rpr—
RLRKL 5 km AT 3 A RAE R BB RAE S Z B AFE B2 1.5 km; ST AR B RAE AL
W FE PR ALEE xS pH R Bk E A AR A B SRR R YA

Hor ol THFE LR A LB X G AN Fe M EAFFRPRE | B B 28 N B e o il sl )2 ik
PEHE T — 25K 13 km, 8512 800 mm , 1 5 AF MM /K T TK BUVRFEAR AL 43 B BL AN, 43 5% & A ™
CLARFNA R ALK X S A M HEAT T N BER 1l 2 XRD SRAE. F 25 Hrilas 57 03k 1.

R BRSNS Tk

Table 1 Analytical instruments and methods

MEXHEFR Parameter S5 5 Method TS Instrument
BRSOl 2 XRD ¥ Rigaku D/max 2550V
&IRITER H R B A5 B T AR DG OPTIMA 2000

A/ AN DPD H. a3k HACH UV4000

L TR 7 77T R v —

U SEHICRT b B A7 HACH 2100N

pH pH 1% METTLER TOLEDO

5% B S RN METTLER TOLEDO
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1.2 SEESEH
PERIAMR AL 2.5 cm K& 5 m AR 15 4F 3R 2% X3 Rl — P 445 I 19 TH B B 54 Sl 25 23 4]
5 RIS B G Sh 28 s i i A TR IR]K B S8 8 18 S /K RGBS 56

2 L5 59598 (Results and discussion)

2.1 TR B KA 2R AL K AT R

T T IE R KA B A A AR X T ™ SRR 4 SR R A RS T P e
PP AR 32 KU, ZK U8 PN et 2 I 25 0 FFTRE B0 70 18 00 17 28 45 5 38, K U8 9 A 86 1 A8 42—
1675 mm Db, HEGET KA /3 M IR, 55 MEREE 53 A I P Aes FUAS Jin A TP, PR A R
i FEBHR R AR, — A 420 50,40 .25 mm , $EFEETE 1990 4F LG FF 4R FHME I P A4 AR 300 mm
DL A TE AR 7 A K AT TH S 0 e T v SR e v R b e & R A BE TR ( 22 CaCO, SR A
W), SR 5 eI s R IS IR A AR B - B A5t 43 SR P AT FIAS i A e A 3 T B R R T A A A
FAE LN 2 7R 75 248 AR B T P M RN 2R B 2 HAS A0 FHAS 32 AHoK B 42 ], A sHxf LA XS
fift FIE S T G 15328 (HHLA P AN A 5 SRR 15 10— 3.

2 AU AR TR

Table 2 Material type of trunk network in the city

RS Ko MRKE (RS B KR
Material Number/ Length/km Material Number/ A Length/km
Z2 R 75609 1379038.7800 BRABHGEL X W 129 2380.8600
BRABEG R 15599 384092.6700 BRABTH X 82 2293.5400
kil 14771 360005.8600 X Bk 14 382.6600
e 6500 140671.7300

2.2 KPS BT KK B SR

M XK RIS K IS WHZ T A AR TEZR (R P AR 4 I A B LC D & 4 KT T
TR BUIE LR AT, Bz K A TR 45 2R LR 3, 3@ Ak ) L AT DU K IR R AR AR AR S A K
SRTEARRRRE  iHIRER (ALY DB VAR AR AR pH A E SRR B R &R I AR L[] A B
C 553 Nk T MR A Fir AR, 4 A 7K Tt KB R 32 v B2 WY B 189 0n, € KT K B TR R vk B
38.5 mg- L' $E 5 224 mg L7,

®3 FURBEAILHHE T AOK AR B

Table 3 Characteristics of water quality

Wi s A B ¢ pr
Parameter/ (mg+1") Aeni AEtE o Afemr ks kAT kiR AEfkET BE
Before After Before After Before After Before After
T mRER (LIS ) NOS-N 6.7 5 0.9 1.2 2.3 1.9 1.9 2.3
FHAVURIT) NH;-N - 0.16 - 0.28 - 0.02 - 0.02
=& H BE THMs(pg-L7") 2.1 2.4 16.5 8.7 20.6 13.7 32.8 9.8
FEPE Turbidity (NTU) 0.16 0.23 0.2 0.18 0.28 0.26 0.16 0.16
F ALY Chloride 59.7 66.3 20.7 32.7 14.7 51.4 16.6 36.2
BiREh Sulfate 82 156 2.4 98.7 38.5 224 35.2 130
A B R SS 522 570 294 302 254 500 204 394
SRS CaCO, 314 195 170 120 163 120 142 140
ST Alkalinity 314 329 170 197 163 280 142 241
FEF CODy, 0.36 1.8 0.87 0.76 1.5 1.1 0.55 0.72
pH( &) 7.54 7.63 7.57 7.81 7.95 7.72 7.93 7.76

AY% Residual chlorine 0.65 0.8 0.7 0.8 0.6 0.55 0.6 0.6
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2.3 A DXIUE K B

R R GG T WK SRS AR ZE I T AL B s X e 1 — N ARGk 37 ) X R T R G 8R4
D3RS R OU) A A AN, R 28 A2 600 mm ) — S T 2B AR BEA IS, SR )5 s T &8 1%
400 mm ) g TEK K A BLLA AR INX P s F B — 24542 300 mm A1 100 mm (42 77 22 3 f
RO AZ AT 5 DX 3K ST 5040 30 2ok 7 A 18 114 M0 D0 i, BFF 30T 30 7 A &b A7 52 o WA I 3 B, v — 2] S R K 24
5 km, A% 3 ARAE A FARPIARAR S Z BRI BE B 24 1.5 km; 2R i AR BEPIAS RAE AL W5 b
A AR pH TREE R A RS A A S AR R R S bR K B O ULER 4, 0] LA X
BAE MK RS E , £l e A K.

R4 T KR B

Table 4 Water quality of network in study area

ke o
RAE T oH DO/ Residual 41/ Turbidity Fe/ NO3/ NH,-N/ THMs/
Site Temperature (mg-L7) chlorine/ (NTU) (g L) (mg-L7") ( ;L'l ) (ng-L7h)
(mg-L7") e
1 16.4 7.44 3.25 0.53 0.4127 97.51 0.85 0.076 14.44
2 16.7 7.32 4.1 0.5 0.2045 86.12 0.85 0.06 17.08
3 16.4 7.54 2.8 0.74 0.1667 55.89 0.74 0.09 19.64
4 15.8 7.45 3.53 0.77 0.2340 61.68 0.93 0.11 7.08
5 15.8 7.23 3.55 0.89 0.3955 64.43 0.87 0.18 14.81
6 15.8 7.18 3.8 0.23 0.3240 94.23 0.82 0.11 16.17
7 15.8 7.25 3.38 0.82 0.9225 126.43 0.87 0.12 14.20
8 16.9 7.25 3.55 0.57 0.3060 77.86 0.89 0.09 13.99
9 15.5 7.42 2.75 0.67 0.2880 107.39 0.78 0.08 13.71
10 15.6 7.42 3.81 0.78 0.2670 60.87 0.76 0.08 17.65
11 15.6 7.37 3.18 0.73 0.2205 35.74 1.09 0.08 12.37
12 17.8 7.18 3.58 0.51 0.1850 49.64 0.95 0.07 16.04

TEVZIX I — 2K 0 15 km B9 T2 RGEHEE T @M RIS 1 275 00, 45 R0 1 Bz, vl LUR 5
WA R AL T, 280 15 km R385 SN S W46 Y 0.9 mg - L' FE S 129 0.6 mg- L™ 45 K dfs
PTG R, — sl 127 7 R RRAR L 40015 SN ) S DL, A5 5 SN 1 Y R e 1) 3l g 2 ML, —
TEAE A S WL FH A/ N D0 SN ) 2080 80 o R BE0E T H B BSOS e 1 32 i
KRR E , XK BRI /).

0.9 —A— [NH,CI]

- A
=08 The secondary
Q curve fitting
oA L
=)
=07
g, L
z
= 0.6 .

0.5
1 1 1 1 1 1 1 1

0 2 4 6 8 10 12 14
Pipeline distance/km
B A s ) o

Fig.1 Kinetics of chloramine decay in trunk pipe

2.4 LKA IR R LB > A

T8 DB k™ AR UK B G A T e T B S KB A AR B I S DN R A DG i T KRR
SRR M X e B E B R K H AN RIRE LK B GE , H 5te, JRUK i A IS B AR AT 45 1 52 R K AR {HL
JEAZT AR IKAE N KR SR A TR, 51 A o8 o DIl 1 SR 7R A 5 8 7, DT S 380 1 417K Y
FEHE . — R A F AR SR A IR Y 1 R K I S PR, 180 C KT 1984 AR B 90 AR ACHIIY B R HOK T
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AN A B S T A Y L B ) AL RS A, HU R P B AN — T Y SE PR R il
PR EE A S 3% T P 2K 3 B e A AR IR A M R K A XK, b T 7K 5 K TR A K X 20K
B (AR RS 1 LAGE R K A 2 1) b X AR WA e A T K Il i i T A5 K T K IR B T K
X b (3R 3) AT LA Y, K 5T 32 AR Ab SR B A G R 5 () 14 Jin R B 7 B A1
2.4.1 GRS TR 2 oA

ST WA K 0T 2 5500 A8 T Tl ) s i) 0o S S G R GE AT T B SEES X L AR T A
AR 75 7 200 e M B Rk X A5 3 7 Ak 0 SR KRR B K BB S /K. S I T, FH S e /KR AT
THUE,RUE 2 h DL SR RS A T B RUE A 100 mLemin™', RPN 3.3 mm-s™ KAL)
AE M BN E AR 1.3 mg- L7, SCEG A5 5 AR 2 AR 3 fros, vl LAE . (1) A A S, %
XA RE 1) JOF Lk T i T B 0 A5 RE O Db R BRI 5 (2) 2 h K 45 EE BRI PN T B R AR T AR SR
S TR R At 2 B e A A e s B s 1 = B A5 R ORI Ak | T B 70 80l 5 J R ) AR R e | Ui
B B KK A /N B T K SRR E S U R, RN SR K AN T 0.3 mg- L7 DA B A2 A
FEl A EL 28 22 YR T SR I 7 SO I Hh A A 7 o R AR A R B R O U RE S S S B DT
YIe B P 0T i H AT T LK R 2877 A 45 N A AR 1 © 832 B ), R I S G T 2 T8 42
[N R R SN S A e = S

1.0

1.0 A
—_— 10F
r A/\ 4 1 L
_0sf e 4 s ol
o | = [
o | | 7
g 06 —m— Dis Fe(Cl,) 06 2 L 6F
2 —0— Dis Fe(NH,Cl) £ E t
g 04r —A— Total Fe(Cl,) 104 2 “ a4k ch
g | ——Total Fe(NH,CI) c I —e— NH,CI
[=} o
2 oap /g\ Jo2 F 5l
pi L
oL zu/ \Ez\n do ok
1 I | 1 1 | 1 1 1 | 1 | 1 | |
0 2 4 6 8 10 12 0 2 4 6 8 10 12
HRT/h HRT/h
B2 SURMSEIHR AT SR LIRS B3 SRS T MEEXT L
Fig.2 Species of dissoloved iron during Fig.3 Comparison of NTU during
chloramination and chlorination chloramination and chlorination

242 BFREA TIPS 517

Ay pH BN A CI7 (SO% \NH Cu™ (Fe? \Mn™ 4558 747 b, Ft S A 0K X
SRR P P K 246K )BT H KK 56 b5 0, 66 vk FE 580000 2.0 T 00 i
XI LTk B 71 S AT TR K RE T 100 e L™ B4R HE 7 BRI th 08 HL 9200, K ) 2% P4 (745
AV, SR AP 4 % , T LA H B A A 1P .

| —a—Jfi/K Raw water
3.0 _ 2

L —A— 1 100 mg-L™! SOy
25k Add 100 mg-L™!' SO}

HRT/h

B4 J5UK PR R X TH A RS BRI Y i R

Fig.4 Effect of sulphate on iron release from old galvanized pipe
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IBAT 24h J5 , ARARINBRFRER 19 Mk B2 7 2.0 mg- L1, R INGR AR ER (4 S vk B4 25 %) 3.0 mg- L',
S48 SUE B GR RR SRR B it e R B 4K G AR ) R RN 2 —.
2.4.3  EIENEERE UZRAE ST

G X R AR LT K™ BRI R A 21K DX S 2R AR ) PR RE S Il Z 04T XRD RAE  SRAERAE J7 74
HIFTR , 25 R A& 5 FroR. X &S (1) @™ ) £ 2AL4E o, y-Fe, 0, ,a-FeOOH .8, y-FeOOH . Fe, 0, |
FeCO,; (2) & SHLLK IS a-FeOOH HI R B4/ | FL B, y-FeOOH 13 I KT a-FeOOH ; ik 4 & 1
LK ETE a-FeOOH & 1 KT B,y-FeOOH, T a-FeOOH ] RESETE pUE 3 )2 1Y B W4,
K138 Hb R K 45 A T a-FeOOH I AR

—— %JZ Surface layer - )2 Internal layer

Intensity
Intensity

10 20 30 40 50 60 70
20/(°)

5 RELEFEAE KIS PR AR XRD %

Fig.5 XRD spectra of the galvanized pipe without and with a “red water” phenomenon

A TE b 2 R AR ) T AN e = W R G R 2T /K B 7 A = 8 P i il A SR 25 1 K f
ERETE A T L B T 2L WT R B BR BAE A  HE hUZ B9 Ak 2 A U oy AL SR CaCo, BT ERET
( Goethite, a-FeOOH) , & #: 5" ( Magnetite, Fe, 0,) FIZF4k " ( Lepidocrocite, y-FeOOH ) %5 4% #4 i) 5 1k
PR R A B ol 7 A ) SIU AR 1 R ORI ol 22 v IV AR L G (0 VA 2 i K A v Ak v B T v
F2 i PR R R TIOR: PR A RE L el S 2 A 3 R R Y O LG )2 A S A DA AR E RN
[6) (. E e A2 R B = Mk UL (10 Fe, 0, \a-FeOOH |y-FeOOH ) ¥4 1t , 4544 L5 308 . 1T 73X — 2
B2 LA W2 H Ok AP o 09 2 FLEAS I ™ 1, s A i S5 AR R AR 1 2 S b J2 3%
THT Ik 2 1 4R A AN I 1 A = Bk 7 0 DA TG I o] R A K AH TR B RS T £F R ( Lepidocrocite,
y-FeOOH ) BN g I b Tl I i =M BRI 28, T3 i o A K 5 1 1 Dl 4804k 2% 8 7 JE Y . Larson
SFMIFEUESE T /K ZE A P s | Sl SRR A B A I 00 T e B B 2K B R 2B g B e
IKIGATHLIRE AN 6 Frzs , £17K BRGR7™ Ax T PR 32 S 4 T8 3T J22 I3t i 1) AR, 285k % /687 1 g ot 22 9
VRS A R TR TP B T2 L

3 28 ( Conclusion)

A6 7 HE T H B AN X A IR R, BB AR T A8 I K SRR AR 622/ DX N A8 X K B kA 7 1 4
A% DI K AR E |, 7K T AR AR AN K, 100 BH 32 DX 388 A o) i T Ao R T 7K 52 T /). (] B 3R BE 3 T
— 5T TEREAT T EM I8 ) T 2 IS S VS i vk B 0.9 mg - L7 B 3 T oK 35 190.6 mg- L™, H.
REARGF ] — 08 1 # R UG  AF G AU A B0l 7 2 A, U A R o) S e Sl 52 /).

(1) UM R0 3 R A0 A T VR P U B b 1 i e L SRR i B RS N 4 I 1 i
L R DUORL S O .

(2) JFK A Bk T B2 T e B S R 2K 0 X6 465 1) g

(3) RAFLAIKIAEIE a-FeOOH & &5V, H B,y-FeOOH [ KT a-FeOOH ; i %A & 4 it
LIKHYETE o-FeOOH & 5 KT B, y-FeOOH. Ff LA a-FeOOH 1] fig J& 1 i 25 25 44 3 )2 DTG 44 B 7K Jo
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Fig.6 Mechanism of red water phenomenon during drinking water distribution
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