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Coupling effects of flow rate, pH value, sulfate, and alkalinity on iron release from drinking water distribution systems.
WANG Long, ZHANG Hui*, ZHANG Shan, MIAO Zi-yi, LIU Zhuo, FAN Ming-zhou, JIA Pei-xin, FENG Yon-jia (School of
Environment and Municipal Engineering, Xi'an University of Architecture and Technology,Shanxi Xi'an 710055, China). China
Environmental Science, 2025,45(1): 124~131

Abstract: When drinking water quality and hydraulic conditions change, the solid-liquid balance between pipe scales and water in
drinking water distribution systems (DWDSs) will be destroyed, causing iron release and secondary pollution of drinking water. In
this paper, dynamic experimental systems were set up to analyze the process of iron release in DWDSs under coupled changes of
flow rate (v), pH, sulfate (SO,%), and alkalinity (Alk). Principal component regression was used to establish the model for predicting
the release of iron. The results indicated that under the condition of v=0.12m/s, pH=6.5, [SO42’]=250mg/L, and Alk=100mg/L CaCOs,
the total iron concentrations in steel and cast iron pipes reached the maximum of 1.423mg/L and 0.184mg/L, respectively. A large
amount of flaky and scattered spherical structures were observed in steel and cast iron pipe scales, with a-FeOOH being the main
component. After the experiment, the contents of a-FeOOH, y-FeOOH, and Fe,Oj; in both pipe scales increased, while those of Fe;O4
decreased. The predictive model showed that the total iron concentrations were negatively correlated with pH and Alk, and positively
correlated with SO, and v. The order of the influences of the four factors was: v > pH > Alk > SO,

Key words: drinking water distribution system; corrosion scale; iron release; yellow water
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Fig.1 Dynamic experimental system
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Table 1 Tap water quality

RS (mg/L) ORP(mV)  H1'7%(uS/cm) pH MENTU)  WifREh(mg/L) A (mg/L CaCO;)  Fe(mg/L) A (mg/L)
9.24 280.40 1215 8.28 0.40 16.80 59.90 0.038 0.05

F2 AR
Table 2 Experimental group

AL v(m/s) pH{ SO, (mg/L) Alk(mg/L CaCO3)
1 0.04 6.50 50 100
2 0.08 7.50 50 200
3 0.12 8.50 50 300
4 0.08 6.50 150 100
5 0.12 7.50 150 200
6 0.04 8.50 150 300
7 0.12 6.50 250 100
8 0.04 7.50 250 200
9 0.08 8.50 250 300

122 HHNEMEZM TGRS $HHR
WCE R KF:(1)v=0.04. 0.08 A1 0.12m/s;(2)pH=
6.5.7.5 il 8.5,(3) Cy, =50 150 Fil 250mg/L;(4)Alk=
100. 200 A1 300mg/L CaCOs M IFAZ 5256 Wity
TEAFE] Lo(3YIE AT MR, SE 50 4134 2 Fion. 3k
045 9 4 SEH, BEL 5L 56 1) 50 4 A R 10d, 5B 46h
K, 56 KA I — € & (1 5250 K T AR is
17 38h J&, KK A AL 5250 R Gef5ir 8h, 3R i AWHUK
Jo Sk AR EURE K0 H 7K S Fe YR 2, 45 5 oK HEAT R
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Table 3 Measurement methods of water quality parameters

ks 77 V5 B A S S LSl
pH fH 2 ZHOK UL HQ30d %[ HACH
DO 2 ZHOK UL HQ30d 2 [E HACH
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A 485 3k R4 2100P %[ HACH
o053 PR 7 7R S v / /
TRk BTV UV2800A g I ekl A
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AR ABIEMMROEIEEYE UV2800A LI RI AT

1.3 BIRE B

i/ DZ-2BC B4 VR TG L0 S 06 i J 5 T
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J 5 R

R4 BREBERMUREL R fF RO RL S REFE AN AE(E

Table 4 Component matrix and eigenvalue after
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Fig.2 Micromorphology of pipe scales
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Fig.3 XRD spectra of steel pipe and cast iron pipe scales
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Table 5 Crystalline compositions (%) of steel and cast iron

pipe scales

an PRI SCHRHTHNEY SCRATREERTY SRR SRR AT

a-FeOOH 44.50 43.60 56.80 49.20

y-FeOOH 2.20 2.10 7.00 5.00
Fe;04 25.60 19.20 2.60 3.00
Fe;03 3.70 3.30 4.70 4.80
CaCO; 18.50 5.20 24.30 11.00
Si0, 5.50 26.60 4.60 27.00
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Fig.4 Total iron concentrations in the effluents from steel and cast

iron pipes under coupled variations of v, pH, SO,%, and Alk
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Fig.5 Values of Larsen index and CCPP of the effluents from
steel and cast iron pipes under coupled changes of v, pH, SO,
and Alk

2.3 BRI AR 1Y

R ST 6 WS 4R 3] 1) e ST R TR 2R R
PCA AR f R4 T [ 4, 1 B L 4 1 15 280 1D s o0
Wik 6 P,

*6 M IER
Table 6 composition matrix

TiH Z 7
pH & 0.991 0.119
S0~ -0.179 0.704
Alk 0.992 0.118
v -0.149 0.732

Ji ZETTHk 50.496% 76.968%

TS 20 M Z, 5 ve pHE. SO, I Alk 4 4
HASE IR RN
7,=0.6971ogpH-0.12610gS 04> +0.698logAlk-0.105logy

(®)
7,=0.116logpH+0.68410gS0,>+0.115logAlk+0.711logy
©)

HI e 1 [ 392, ST AN AR KRG Fe
WY Z, f1 Z, 19 &R

N :logFe=—1.5872,+0.878Z,+2.229 (10)
A logFe=-0.5847,+0.013Z,+0.065 (11)

B0 F(9) /AR A X (10)FI(11),75F] vo pH
18 SO, FIl Alk FEAATAL TR 25 K8 I BB T 75,
w7 Fos.

RT7T WEMHHEGRMRE

Table 7 Iron release models in steel and cast iron pipes
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Fig. 6 Comparison of simulated and predicted values of total

iron concentrations in (a)steel (b)cast iron pipes.
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Table 8 Standardized regression coefficients of iron release

models
M pH {H S0~ Alk v
W -1.452 0.011 -0.015 25.593
N -0.493 0.001 -0.005 2219

WAL 8 o & Do Zhrvl b R B 4 X, 45 5
LB RN R P ORI R i R B R
v>pH (>Alk>SO,” AT LU HY,v X HiZK s Fe
SN I K, SO, R 1) 5% i R 5 AT, /N T pH
E .45 & e g5 Rnl 40,2 SO~ W E A
50mg/L F1 150mg/L i ,pH B AR % 2R 5 4 il
VeI KT v A1 SO, IR HEVE T, 024 SO,” W
Han 2] 250mg/L I ,pH A FUBE A6 AE H ek
/NSO 5 v SR IR P A2 5 836 . IRk, /K
J5e 2 BN A A A R TR 5 I Al B TR 2R
Wi 330 IS P 87 PR 2 I KT I, 72 7 0 A7 TR A 8 s /K it
TRV Y ) U N RS 22 R R 3 R A8 LN, LLIB
3 g e PR R R A AR A K e Ak

3 %it

3. HNAE RN R B BEA I T DAL
F:.0-FeOOH A T A & I A it b 75 2 ds 22 R B o0 A
HRMGRAE SN L RS Fes04 B & 2420 N B
23.0%A11 19.2%.a-FeOOH. y-FeOOH Al Fe,0; {175
S0 A P R BG4 i 1 12.3% . 4.8% Al
1.0%:; B8R TH 43 5 H:5.6% 2.9% 1 1.5%), % ik
B R

32 X pH{H=75. H/E¥=100mg/LCaCOs\ C,, =
250mg/L itidi=0.12m/s I H0 5 FIAGEE 7K B Fe
TR PSE IR ) d5 K FLAE 40 1A 1.423mg/L A1 0.184mg/L.
3.3 RHERRMIK N 2] 250me/L I BRFE AT N
RAET AR X R AT AR BE N, B SO,” WK
L K i pH A RR X SO,° R (15t
VI 2%, BB I AT A 1 35 2 28,S0,” St &
S RGBT .

3.4  TERFPIEVER WK Fe WRES pH {HA!
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