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Abstrict? The main fun(tlon of quartz sand in drinking water treatment has been to remove turbidity, while the microbial effect of its solid-liquid interface has been ignored.
In order tolsolve the limitations of control of the disinfection by-products (DBPs) and opportunistic pathogens ((OPs) in common quartz sand, the common quartz sand was
modified to iron sand. The maximum DBPs formation potential of typical nitrogenous disinfection by-products ( N-DBPs) and carbonaceous disinfection by-products was
determined using gas chromatography-ECD. Compared with those of sand, the inhibition effects of halonitromethanes, haloacetamides, and haloacetonitriles by the Fe-sand
were increased by 51.51% , 43.66% , and 90. 6% , respectively. In addition, the gene copy numbers of Hartmanella vermiformis , Legionella spp., Mycobacterium spp., M.
avium, and Naegleria spp. were detected via quantitative qPCR, and the results indicated that the Fe-sand did have a similar significant inhibitory effect on OPs. The Fe-sand
had limited ability to enhance the removal of NOM. However, the Fe-sand effectively inhibited the continuous contribution of biofilm to N-DBPs and opportunistic pathogens.
The distribution of biofilms on the surface of the Fe-sand filter media was uniform, not likely to fall off, and more stable; however, the suspended biofilms in the effluent were
more difficult to aggregate. In addition, the a-helix of the secondary structure in the extracellular protein disappeared in the effluent of the Fe-sand. Therefore, the whole
suspended biofilm was easily penetrated by chlorine. The Fe-sand solid-liquid interface did significantly change the microbial community structure and suspended biofilm
characteristics, which provides a new concept to ensure the safety of drinking water quality and plays a good theoretical supporting role in the improvement and transformation
of the existing process in drinking water treatment plants.
Key words: iron-modified quartz sand; nitrogenous disinfection by-products; opportunistic pathogens; extracellular polymer substances; microbial community
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ARG KB T MRS A SRR T TORE S Y
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38 A7 9P (sand ) SE 28 AR AK o et T, o H:

FHO.1 mol- L™ YR ARIZ 1 48 h. FLE 1 mol -L™' 1Y
FeCl, ME 5, 1.5 mol-L ™" f NaOH JULIER. 4
MR SUTERIR A, 5 5 A i b, a5,
DURE R AECPE R BB LR 12 0. 3mL: 0. 25mL. LA
110CHEFRHET 48 h, FifiJ5 A S5 31 250°C 4Bke 2
h, FHAGK s & 58 0 ek Bl S A LA S
R Rk et A e fh (Fe-sand)

1.3 SEmIrik

K FH i 20 2R K ST 56 i 7 A S 6 2 RIS A A
o, DU R AL TR, 20 U 1A% 3. 8 em,
17 em, JERHRZIEE N 8 cm, JERIHEFUEE 1 1. 34
g-cm K FTERE A4 35 min, #5 3E th 12 17 B (7]
F2 A2 Fe-sand [JEH S 2H , 254 sand
F14 316 3t A o R 2.

L4 LRI ~ 2 F

HEHE BOUIE 30 1% 3 % 5T B 58 (SEM,
Hithachi suBQL0) Zeff 5 X, 5728 5 i g it 1)
P OLHTREN L (XPS, Escalab 250 Xi) &AL
Zeta {3 % I IR S R 1) Zeta {4 Nano-
290 ) R Gtk f e ;g Y AT HLB (DOC )
AU AT (TOC-L'CPH) W5, WVag 52504
G366 BEAT (MHA TS0, T 52 5 ok J3E e b3 4
(BhEh OTF=1200X) 52 ;| F1 FH 2 % %2 & PAR X
(QuantStudioTMr_’) Real-Time PCR Instrument, 3§ 2t
K AT PCR ¥ 3G S0 8 MR R AT (ATP) H 5
I 22 T RE A I AY ( ModulusTM ) Z21E 3 ) FH W AR
T A LB R A A (LC-OCD) | 3 — 25 46 U]
KR NOM A=A . BB 0T | S B o % A
FEY L NS BRI G LR G R - R
IPEIERE AN Lowry 4G EPS Hr 9 8 1 A &2
B RE ST A B ARE S Y L 3 T AR B v R A
AL #E 470 %2 ( BET, Micromeritics ) . > € H H 7K
TR Fe MR B2 F SRR & 45 88 71 & B 6k
(ICP-OES, avio200 ) il £ .

A Krasner 3015 DBPs A2 i RS
F(A (Y -ECD 64F THMs , HAAs . HNMs , HANs #
HAcAms. fIl A — & ARFR & J5 (19 U SRR SR 7 WL, i
SR CL =3 xDOC +7. 6 x NH,; -N + 10. ¥FE
W SR AEAE 250 mL (9 @ R N, it A
25°C MY B EEFRAR NEEEHRY; 72 h. BC100 mL 7
Ja KRR A 10 g Jo/K B ER A , o H 4R 5 v it , 1
HIA 10 mL ZHGH, P%3% A< B 10 min, £+ 20 min.
O3 2 85 IS A T8 K B R A B K, FE IR EE N
37C, FIZAENAHA R ZE 1 mL, S H 635
(Agilent, 7890B ) Kl
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2.1 FPEERIE

BIL(a) #1010 (b) Sk Rl oA B b o8 FH i 1Y
SEM K, sand 2 I A9 JE S48 0 6, (A7 TE /0
RYZER MR, AH%E T sand , Fe-sand & IR R | 2
PRI AR, LR ) FIURLhy T Rk 1 DTk, R R &
NF 1 pm. 2T BET AR, Bk 38005 , A 0Ebug
BHE B 26 AL M 0.018 1 m’-g ™' 14 M1 %£0.0826
m’ g~ 5 SEM JEAIAE FAH— 2. 2% 1 el
I 60 d 5 EZICE B, it 8ot )5 , Fe-
sand PREAME L THITR, T8/AHN3.21%,

{5 i

700 710 720 730 740
A E eV

[EJH Si LM 26. 61% % 24. 16% . T Fe-sand fi#
60 d ZJ5 ,Fe &M 2.37% . ¥4 Fe-sand Witz
1760 d J5HyHIK 4T ICP-OES FAE, HiH /K ih i Fe
RO SR T RMIFR. B 1 (c) A1 1(d) M Fe-sand f&
HIHY Fe 2p XPS 1] Fe* " 1 Fe 2p YR i Fe 2ps,
Hl Fe 2p,, 456 REVE(E 515K 709. 6 eV F1723.2 eV,
Fe’ " 1E Fe 2p YEIEHY) Fe 2p, , IS A REVE(E 705 0
710.8 eV F1724. 4 V') Wit srig b B K B, 21 7
BRI ERAE AT AT S 4 K280 =M Pe A 7e , 08k
DL =M I AFEAE. il ad BET JU%E sand A4 H 2 AR
40,018 1 m’ g ™", S MU S5, Fe-sand H 2% 11 AL M
B4R, M0, 0826 m* g

R

155 30 g

f Fe?* |
STl 7030

L L L 1 1

700 710 720 730 740
Hitriglev

(a)sand B9 SEM {4 ; (b)Fe-sand A SEM B4 ; (c) Fe-sand fifi HATAY XPS 35 ; (d) Fe-sand {1 60 d J& B XPS &
1 sand %0 Fe-sand {£ 875 & SEM #1 XPS &1

Fig. 1 SEM and XPS characterization of sand and Fe-sand before and after use

*1 sand 5 Fe-sand (£ ARIA{EA 60 d FEETELLH/ %

Table 1 ~ Ratio of main elements between sand and Fe-sand before and after 60 days of use/%

WiH Si C N 0 Fe

sand fifi A/ {60 d J5 26.61/29. 45 15.34/11.9 1.35/1.06 56.08/57. 6 0.63/0
Fe-sand i FHHi/f# FH 60 d J& 24.16/18.19 16.96/30. 75 0/1.71 55.67/46.98 3.21/2.37

1) #HN R BRG] >0. 1% M

2.2 KFIEASERAE

ARSI ESLBAT B S JE I 60 d. RHIZKT
DU 0 7 LA R R A Hh Ak S JRK (RW)
DA R PR A [ b 0t 19 1 7K 3 BE AN ] 2 (a) s,
RW ({3 7 0.46 ~ 1.02 NTU, &3 sand 5 Fe-
sand 73 B AKX 2 0.07 ~ 0.149 NTU F1 0.085 ~

0.117 NTU(P =0.91) ,fH - #ZF LR FE R (P <
0.01). th7k DOC @i 2 (b) 75, RW | sand F1 Fe-
sand 17K % p (DOC) 4351 0.76 ~ 1. 04, 0.93 ~
1.04 F10.88 ~0.98 mg-L™", =& LR FEXEF(P <
0.01). UV,, Nl 2 (c) Fr7n,RW ., sand Fill Fe-sand
HK 514 0.015 ~0. 026, 0.013 ~0.02 F10.017
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UV, Z5 R UL Fe-sand Xt KARA P R = 1) FBRIT
WA B T

HE— 20 b | T = GRS I X KA T g g
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(&HEmBE) | VX (FEEERAE R 9) F1 V

1.2

() b0t a2 i A et K
=
Z 06 [
&
H
03 r
| — e—
0
RW sand Fe-sand
(c) Wb it il K UVasy
0.028
0.024 T
f‘ 0.020 T -
0.016 J‘ l
0.012 L

L
RW sand Fe-sand

X (JERERRIE) 1), JAR A4 8] 2 (d) . A
XTF sand 7K, Fe-sand 7K ZE T + T, M, VA
VX 98 6 B B 55 B AR, 0 BIRRAR T 5. 5% |
4.2% . 6.4% M 4.2% . HHFEN EHEER ., &5
R AN A AR 7 ) ¥4 2 T B A 9 7 | i R
TR T UV, M2 2 45 R 5, Fe-sand X
AR Z A AER NOM & B 80U 9 $2 7+ + 43
AR,

| (b) Witttk KDOCH &

0

E

= o0

= — T I +
0.8 l —
0.6 .

RW sand Fe-sand

(d) DEHE 7k = 4696 4 X 43 30 %

15 sand
Fe-sand

| 7
L

0

WA X 105A-U- nm?

4y
00

Region I+11  Region Il Region IV Region V

2 KERERHKER

Fig. 2 Basic situation of water quality

2.3 WHERRITEY AR AR I E

IR G R e rp 2 A BT AR R 0 A
S GG X TR 308 S R K P T 7 7 P e R A A
1T T HEANRAE, A0 45 4 Ff THMs ., 9 Fh HAAs 4 Ff
HNMs ., 4 #' HAcAms F14 F HANs. & 3 (a) 1 3
(b) ATLAIE ), sand F1 Fe-sand 7K F %) THMs fx K
A Y R 66. 2 wg- L7 F 64,9 gL', B
FIEAK(72.5 wg-L™"),{H sand Fl Fe-sand it 7K H
THMs e KA B — 38 22 BN K. HAAs Jie R AE
(AS AL A THMs AHARL, B K 23 /0 38 i /=, sand 1
Fe-sand 7K 7 HAAs fe KA B35 il AR & 39. 2
pg- L7 1375 wg-L™". HAAs Il THMs % AL I
HITHFERN =) C-DBPs , #1%F T sand Jth , Fe-sand
JKHr C-DBPs e KA U R

HNMs ., HAcAms F1 HANs 24 #iL %1 () N-DBPs,
FA SR B0 H IR K KL Fng- L4, 7
FRAKAEHE T2 K BRACRABR. B 3 (¢) b gtk

JKH HAcAms (85 K AR iU RW 1 —1R & Bt |
TIRCERE . A SR N = G LT e 1) R KA B
PR 1.1, 3,72, 4.25 A1 1.25 ug-L~', &t
sand DB Z S5, B KA FE ML E 0, 2.8, 3.5
F10.8 pg-L~". 280 Fe-sand 982 i, fe R A il
PE— MR E 0, 1.9, 2.1 10 pg-L~". AR, MIxt
F sand JEH | Fe-sand &3t 7K H I 3% 8 7= 9 5 9K
R TR, 8 3(d) F1 3 (e) M0 UEM HE K T
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