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Removal mechanism of N-nitrosodimethylamine from raw water by
enhanced coagulation of composite coagulant
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Jiangsu, China )

Abstract: Taking raw water of Yangtze River as simulated object, polyaluminum chloride (PAC) as
coagulant, and PAC/polydimethyldiallylammonium chloride (PDMDAAC) as composite coagulant, the
simulated raw water containing nitrogen disinfection by-product N-nitrosodimethylamine (NDMA) and the
representative pollutants of main water quality parameters was used for coagulation treatment (coagulant
treatment) and enhanced coagulation treatment (composite coagulant treatment), and the correlation
between water quality parameters [turbidity, chemical oxygen demand (CODy), organic amine and
ammonia nitrogen]| and the NDMA removal rate in the simulated raw water after treatment was compared.
The removal mechanism of NDMA was speculated based on the microstructure, and analysis on the
functional group properties as well as coagulation mechanism of pollutants representing water quality
parameters. The results showed that the water quality parameters and NDMA removal rate of various
simulated raw water increased first and then stabilized or slightly decreased with the dosage increase of
coagulant or composite coagulant after coagulation and enhanced coagulation treatment. The maximum
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removal rate of NDMA (5.88%~15.65% and 6.48%~16.90%, the former to coagulation treatment, the latter
to enhanced coagulation treatment, the same below) of one-component simulated raw water [containing

NDMA and one of four simulated pollutants (diatomite, sodium humate, dimethylamine hydrochloride and

ammonium nitrate)] was higher than that of blank simulated raw water containing only NDMA (4.31% and
4.88%). The maximum removal rate of NDMA reached the highest (39.15% and 42.04%) in
multi-component simulated raw water (containing NDMA and the four simulated pollutants). The four

pollutants adsorbed NDMA to different degrees. The electric neutralization and adsorption bridging effects

generated by coagulants and composite coagulants could remove free NDMA and adsorbed NDMA by

pollutants. The adsorption and synergistic adsorption of pollutants and the enhanced coagulation of

composite coagulants significantly enhanced the removal of NDMA.

Key words. enhanced coagulation; composite coagulants; water quality parameters; pollutants;

N-nitrosodimethylamine; removal mechanism; water treatment technology
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Fi, FEREE . FEEEERY . N-TAEE
e (NDMA ) S BACERIER /N & RIS R
Y, BAWERGEUEBORYE, TR AET TR
GoasBu VSNl AR AN | NN & =W S ESpI A
RGN 430 FE 1992 AFEFT 1998 AFFLE TR K
NDMA [IFRHERRIE N 9 A1 10 ng/LM; 2022 4, whifE
W E TR AR NDMA (e R 5E 4 100 ng/LP,
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FI R4 | %F NDMA 122 B 3845 51 1] 15 94% .
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FIUS, BTk (NDMA &tk 6.71 ng/L, T
i i 45 2B K ), A il

QZ201 BUHCEF = BEA, M T ZALER A PR A
Al TAG- T BINIBCRR S P, sDUE IS AT FRA W]
WFZ UV-2000 B4 40-1 WA 5656 BE v, JuJemr ( -
VXS BR N T 5 Agilent 1260 % 2 508 AR 4,315 X
(HPLC), [ Agilent 2375 JS94J RIf e 1AL,
i R EE AR EA B/ ; Regulus 8100 %
P kAR R T BT (SEM ), HA
Hitachi /A% ; Quorum SC7620 58 Ay, o[
Quorum 2\ Al o
1.2 FHik
1.2.1 B4R REH

PRI (RERTEE ) RIR 2715 K S JE 6 A
TREE T B NDMA [Fse 4 R0 s R B KT
K (BEREBL, 2022 4E 7 A 16 H) fE I 4,
HIKRSHILE 1.

1 BERIAK (BEERE) BKKBESH

Table 1 Water quality parameters of Yangtze River water
(Nanjing section) in summer
. CODy, BA Zeta ~ NDMA
Sy A aRy wfy A
(mg/L)  (mg/L) mVv (ng/L)
HfH 23.9 2.15 0.24 -26.24 36775

WG S % SCHk[12,16], KBRS BT
Hehikss + (R ), EAEIREN (18E CODwm, ).
T AR ERE: (10 NDMA —FrETIRY
(DMA )], fififRek (fRFAA ), 4745 NDMA [F]
HMA R LB oKk, BH RS B BT 5 R K
B 7K BT S 50 NDMA Jot o 6 B 25 45 R ARG A0 7
NDMA 75 IR K (12075 FH-NDMA ), $i41 4y
FEAFOK (2050 i BE-NDMA . CODy,-NDMA .
DMA-NDMA . %A -NDMA ). Z4 /il sk (&
4 PR IR A Y, I MIRA -NDMA ), #4528
R K K i S B0M NDMA &5 0% 2,

2 BEBHIEKOKETZ A NDMA &
Table 2 Simulated raw water quality parameters and NDMA

content
R K RE KEBHL NDMA % &/(ng/L)

2% H-NDMA — 303.78
1hE-NDMA 21.1 NTU 363.12
CODy,-NDMA 2.21 mg/L 352.60
DMA-NDMA 0.30 mg/L 312.19
A -NDMA 0.30 mg/L 321.67
SLYES 21.9 NTU 353.77

BE- copy, it 3.19 mg/L

NRM DMA % 0.30 mg/L

AR 0.55 mg/L
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PAC ToHLIREEFR AIMECH] 2 B8 SCRk[ 1410745,
4 PAC IMA oK, B R & 53508 10.5%9
PAC TCHLIEEEH] (LA ALOs 3, E#RYE ). PAC/PDM
FATRBERIBCH : T A SR PDM (CRRIEZEE N
1.53 dL/g), &M m(PAC) : m(PDM)=10 : 1 il A%
TN 10.5%8) PAC CHLIREER] 780 R4,
Bt % PAC it /0504 10.0%~10.3%F4 PAC/PDM &
ARG

TR R AL G R P AR R R R . 4R R SCHR[14] 70
SEBRAK ) K TR EE SR AR A S D | 2
UUVE PR S e
1.2.3 RELEARZ I

SRR EREPESY (PG ) ST B3,
BRI 1 L BRI B4 FERLE AR KRR I A
F 1A 64 1L BEM; H2EH PAC TREEN A
PAC/PDM & GriREERF Bt Wk E AR EE (0, 1.0, 1.5,
2.0, 2.5, 3.0mg/L) MARIKERF, BEEIREEL
FRFET . 7RO (300 t/min) FEHE 15 s J5 HEhMA
—E® (490, 1.0, 1.5, 2.0, 2.5, 3.0 mg/L)
WEEH, L REBPE | min, K5 L #H
(100 r/min ) #EFE 2 min, FLIEE (30 r/min) $Hi
FE 2 min, fJEEFEUUIE 30 min; 7EFHE DUE)S UK
T 2 cm ZbHUFE (AU RE>600 mL ), K
JRSH, WAEME . CODy, Fit . DMA 5 . Zeta
B, "A SR . NDMA S EZ2H8,
1.3 FIESMK
1.3.1 %k4e

SEM M : i o ik 8 = B AR R AN et 3]
FHE L, IR RIE 45 s, BEEHTA 10
mA, FfiJ 1 F SEM FAHRFE B, I Rk 3.0 kV,
1.3.2 KRAALZKMNE

B2 I GB/T 5750.4—2006¢ A 1% T FH K b v
K8 vk ) S T aE , B BN BR A Sk K
9 860 nm, AGPEIEIE NG <60 nm, &M (0,
RIS Y664k 5 8O BT 1 ) J2 £ ) =90.0°+2.5°,
HRAEKFE P RFLIE M (Qp) <30°; CODy, %S
M GB/T 5750.7—2006 A& 6K H K bR R 56 7 325 )
HEATINE s BAR S ES M GB/T 5750.5—2006 { 41
KRR 36 73 ) #EA T, KR 420 nm;
DMA 7 R FH A 2 B - 15 O A 235 73 B ( SPE-
HPLC ) W TE, MKl 434 nm; NDMA & &
K SPE-HPLC 3£k A7i e, SR AR F5a i e
INESEFTREE, = A ARV AR 1000 £%, NDMA K
HERERE R 20 uL, 43EH: A SnFireTMCig A (4.6 mmx
150 mm, 5 pm), ZHEFEIIRINES, Kl
228 nm, WA V(T EE) - V(K)=5 : 95,41 30 °C,
Jitif 1.00 mL/min; Zeta HL{ Z I GB/T 32668—2016
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CIBARBIAL Zeta HLALIMT ) HEATIE , R AL IKAX
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S x-xpY -1y
Kb BHREREG X WAKRSHERE, %; X
Ik RS HE RN THI, %; ¥ ) NDMA %
R, %; Y NDMA EBRFHFHME, %.
SEM 8 FiI F-% 4515 e 0B OS5 , 254475
5 T LR BRI, T LIS

2 HREIE
21 BRERXRERSH

(1)

2.1.1 =HaEMEK
Pl 1 R75 F-NDMA BYTREEFBRAGIREE T I AE 0
9 - —=—PAC
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S6h
- o o
& e
'i*/l 3L D/D7 \./
E /.
ZolL =
_3 1 1 1 L L
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Bing/(mg/L)

K1 25 H-NDMA BIREEAI5HR LR 5E 52 g 4h 2R

Fig. 1 Results of coagulation and enhanced coagulation
experiments with blank-NDMA
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YA ERPCR, BRGNS, NDMA
ZBRACR SR AR R A 3, e R EBRF
N 4.31%51 4.88%, fIRTSCHR[S]H I NDMA KR
10% (KAFEF NDMA it iR 100 pg/L ), 45H%
B, IRBEFIRALIREEN KK ng/L 229 NDMA
) EBR R, SRR BEAL FEXT NDMA Y 25 BR AL
R T IR GEAL 3
2.1.2 FWyBERURK

2~5 O 4 FhELZH oy 5D K R TR BE AN SR AL TR

. 1141
MEERR: —=—PAC
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Fig. 2 Results of coagulation and enhanced coagulation
experiments with turbidity-NDMA
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BN/ (mg/L)
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Fig. 3 Results of coagulation and enhanced coagulation
experiments with CODy,,-NDMA
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Fig. 4 Results of coagulation and enhanced coagulation

experiments with DMA-NDMA
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Fig. 5 Results of coagulation and enhanced coagulation
experiments with NH;-N-NDMA
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M 2~5 ATLIE Y, gt B ap Bl oK TR SR AL
)5, JEE-NDMA . CODy,-NDMA . DMA-NDMA .
A -NDMA HEHF K NDMA 5 k£ BR300
10.48%. 15.65%. 9.04%. 5.88%; ZimfbiREEALIS,
1 B -NDMA . CODy,-NDMA . DMA-NDMA . % A&
NDMA 5K A NDMA fie K ZBR55000 14.89%
16.90%. 10.08%. 6.48%. HZH /K NDMA fx
KEBFRILE T4 FH-NDMA (4.31%7F1 4.88% )., 15
PSR AEAT R TIREERGR LRk NDMA

M 2~5 BT LR W, Bifi g TR B 50 B0 2 g 14
fn, JKBSEC (HhEE . CODy, . DMA &,
A ) A NDMA 2% 5 3R AR AL fa 3434 et s
FaoE smg /L, BRI A Z A, BWAER A
2.5 mg/L B} RBRRIE RN e R . 38X K i S 40r
NDMA EBRF 5 KAE AT LIS, B -NDMA
DL K 0 it B8 2 B R i RAE (185.14% ) i KT
NDMA 2% % f K fH (14.89% ), CODy,-NDMA A5
PUE K CODw, F1 NDMA £ R AE (15.38%
il 16.90% ). DMA-NDMA #5415 /K i) DMA FI
NDMA EBREKME (23.33%F1 10.08% ) ¥ K
FEIT . S A -NDMA R K 4 TR BEAL 3 R 2L bR
PR (13.33% ) KT NDMA KBRFEmK(E

(15.88% ), ZumAbiRBEAL PR 5 2 5 25 bk i KAE

(-23.33% ) iE/NT NDMA £ 5% 5 K fH (6.48% ),
3 A AU K KB S50 NDMA BR R
HH G B4 B3 B 45 RN AR OC R BT AT 4 21 o

# 3 B BLEK BB A SR AR OC R EO TR
Bréd
Table 3 One-component simulated raw water intuitive analysis
results and correlation coefficient calculations of
one-component simulated raw water

A B MWE  CODw, DMA A
=8 PAC EEE] B B 55
M PAC/PDM 05 R e
HE  pac 0.6847 0.9248  0.8435 *°'f54
e ~0.196

PAC/PDM  0.6705 0.9139  0.8400 5

I 3 ATLAE Y, PR 7 v A DG 1 5 555 A
P IEAR—F, i BRARLADL UK A 7K R 2 5075 B R 56k
SRESHET A . CODyy>DMA>THU >3 & .
213 ZapEMRK

6 k22 41 o BEADL UK TR B N 1 TR B S 50
g

ME 6 FTLLE T, SiREARIGIREALIS, 1R
£r-NDMA #E#57K( NDMA [V iE 4 353.77 ng/L )
) NDMA fe K EBRZ450 5100 39.15%F1 42.04%, 15
TATAT—Fh B2 43540 K o NDMA #2552, I

H YA B E K 1 NDMA R B A 25 A8 KR (43
Wk 363.12. 352.60., 312.19. 321.67. 353.77 ng/L ),
1A -NDMA 1) NDMA ZBR% 5% —Fp g 55 L5k
REYIANEEAEET ; 78, IRA-NDMA B K Ay
NDMA £ HHAES (39.15%., 42.04% ) Ab, HIE
EERIBINE (2.5 mg/L) (A HA 4L 4R 40 K IR %
FIBEZF (10 mg/L) By 1/4, FISHEIG YL
Y12 [ %F NDMA Y 2B A7 0 VR A o

TR LR

——PAC, —=— PAC/PDM
120 | COD,, ERZ%:

——PAC, —o— PAC/PDM
DMAL[R#:  ——PAC, s PAC/PDM

100 | BAEXRZ:  ——PAC, —— PAC/PDM
NDMA Z:%: ——PAC, —— PAC/PDM
0

80 C D/ \n

—_—0
L]

%

407F
20 -
0 -
1.0 15 2.0 25 3.0
Behnit/(mg/L)

&l 6 iR4G-NDMA HYTREEFIR (L IR 5E LI 45 R
Fig. 6 Results of coagulation and enhanced coagulation
experiments with mixing-NDMA

ML 6 31T LU H Bl 25 TR 387 43 i i 38
M . CODy,. DMA Fll NDMA 2 [ %254k #a 33
Sy S BN G AR s D, IR A B R B B
W R A MURE BRI KA (89.31% ) dEK
T NDMA EBrFH KME (42.04%, TIH ), CODyy,
TR KAA (37.68% ) 55 NDMA 2 [k Fdm K AHE
R, DMA LBRFERKME (29.16% ) Az A Lk
FRRME (25.45% ) B/NT NDMA £ BR 55 KAH;
W XF L EE . CODy, . DMA | &% . NDMA %[5
R KA T A B AR B T LA Y, Bl B A
BN, BRI EIITE 2.5 me/L g, 2 4 WiRA-
NDMA #EHlE K KBTS 585 NDMA ZBRFAH K
P B B 434 465 SRR 56 R B0 40 B 4%

# 4 {RG-NDMA EH W45 SRR R BT 5 s
Table 4 Mixing-NDMA intuitive analysis results and correlation
coefficient calculation results

FRASEME S B ME  CODw, DMA  HH
=8 PAC BE Biog B e 55
2 PAC/PDM LR TR B &R
X pac 0622 5964 08692 0935
£

PAC/PDM _0-5201 0.8911  0.8220 _0-5875

M 4 WLIE N, SRS, 7 IR
KB 7K 5T 2 K B A PR 5 55 HEFF O : DMA >
CODy > E>Z A ; L ALIRBEAL S, 4 AR AL
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JEK B 7K 5 S 005 B A SRR 55 HE T 24 : CODwy >
DMA>Jh B> Ao FBL T WL, i 5 R 26 i 110 344
SR, ALY R SRR S EL CODwM
2 BRAESCHEA N, S SO DG PR 2 55 HE Pl &2 A= i
AR, LR AR, 19 B IR K TS 8
132 AH SR 55 HESF 0 CODwn > DMA> >
A

A A AL S K VR R 5 A TR R S 0 4 SR AR
B, BAZH ML K H NDMA £ R BB R T a5 [
BLLE K o NDMA 1 2553, Ui B Y5 Ye ) 1) A7 7 42
= T NDMA B EBR%; KFiS55 NDMA 19X
AR 22 S A DG, ULBR RS Y 1)
VEFHAT )5 X B4 A 22 2 0 A5E4BLEUK i NDMA
BB BT UL, 4 2554 2 [ % NDMA
1) 22 BRAFTE D R .
2.2 Zeta BT

] 7 hy B 53 FN 22 A 4 RS ADL TR /K TR BB R AL TR
BEI IS 1Y Zeta AV I 2 25 5

Zetal fi7/mV

J4ifF NDMA: —=—PAC, —o— PAC/PDM
CODya"NDMA: —e— PAC, —0— PAC/PDM
DMA-NDMA: —a— PAC, —&— PAC/PDM
HHA-NDMA: —v—PAC, —y— PAC/PDM
{RA-NDMA: —*—PAC, —0— PAC/PDM
! ! ! h

0o 10 15 20 25 3.0
Hhn&/(mg/L)

K7 25K IR BERI SR AL IR BERT S Zeta W21k
Fig. 7 Zeta potential changes in various types of simulated

raw water before and after coagulation and enhanced
coagulation

ME T ATDE H, REELL BT, JEE-NDMA |
CODy;,-NDMA ., DMA-NDMA . % % -NDMA H 4l 5
JKHY Zeta LA (—54.97~-14.32 mV ) ¥ hffE, 4
INAREER)G , Zeta HALHGEIN K, AT, |
EERNAE A R EHLAT, 5 0 A A Ok, & AR R
RSN IE K BURL TR, /NBORAE, 875 T Zeta
R B TR EERI BN A gk e, KR i
BV BERI I Zeta HLALLRZLIE K 2 1E{H 1A -NDMA
B K Y Zeta HUALARXTEL /N (=29.00 mV ), X &
M T 4 s G WA AR AL, {H Bl R TR 5ER Y in
A, H Zeta FAE KT AU, RINES-NDMA
B K T 255 Qe ) Z RIS AEXT NDMA - W fh
BRI PRIV, W L 45005 Y S S iR e
FIVEFRTE R AR B B 2 o

2.3 MBS
231 BERIFEM T
2.3.1.1 TIOR3 i)

& 8 MEEWE /) SEM B, nJLIE Y, e 1
W EA B KRRFLER, BORANER FAEE—E AT
HEB o ifL, i EA Bk Y e SR AR R — 2 B fL
PRFREON DR A R B R AS 1A, RS XN T
Y (40 NDMA ) 2R E WM IRE ., X 55 H
-NDMA ( & 1) FijhEE-NDMA ( & 2 ) B85 KAY
NDMA EBRFBE5 LA G

K8 REdE L AEAFEORAEECT i) SEM [£]

Fig. 8 SEM images of diatomite at different magnifications
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Fig. 9 SEM images of sodium humate at different magnifications
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Table 5 Dipole moment of molecule and functional groups

ZE B E 45ty RIS
SiOH™™! 1.45 C—"CH; 0.4
C—"OH 1.65 C—"OCH; 1.3
C—"00H 1.70 C—'NH, 1.2~1.5
C,H,NP! 1.15 NOj; 7 1.5
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FRas RAFFEZR, JRINFET, NDMA BB KN
AR AN T W B 3 N, 3 ke T
TRRE T H, v RD FIHE AT I Jl A
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(Bl 6) ", PAC WIGE 54 0 H A A W T — 2 ik
NDMA 175 Y478 17 e R 2 A i A R R 4 3L |
ZEMy R SEAE T, R H B bR L. NI 7 1Y
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POE R TR 3% 90 SRR, il HLv] LA
PR 5 3 A B 3 B0 KZE BRI 3 1 2 1 B 7
Y ARTE AL R DTSE , 5 B0 [ Bk 35 e 0 W B 1
D F R R NDMA o pfi 2 9% 5B, iX 58 1~6 45
WA, RBP4 SRR 4 B A TR EE R s AL TR e Ak
G, KIESHON NDMA 2% bR ¥ K T2 LR B
FITEEE AL RS 17K BT S50 NDMA LR,

3 4ig

FEF X AR EE T2 7k Bk NDMA AL 3
R, R — RANEIE BRI K, SETIR BRI
sRALIRBE LI SY, e .

(1) 2B AR 280 TR B At fh TR 88 40 ) Ab
IS, ALK (4 EE-NDMA |, CODy;,-NDMA |
DMA-NDMA . @ A -NDMA ) ) NDMA iz K EF =R
(15.88%~15.65%F1 6.48%~16.90% ) & T 25 A -
NDMA 45K NDMA K EBRZE (4.31%FH
4.88% ), 1A -NDMA 8l F/K ) NDMA fiz K LB
Fhe (39.15%H1 42.04% ), B2 1R B5E 45 I 2 Y
A, JK TS EOR NDMA 2B R85 Se 89 5 e 5k
Mgk 2L, X 5 R EE T 2 AL B S FR R YT E K ) ad FE v
KIS HH NDMA £ FBRZB AR I AR —2

(2) AT B B LB FIAR G RO A



%S5 M H, %:

S TR BE B A TR B8 25 R JRUK Hh N- IR 5 — Y i LB

* 1145 -

H#z, HEKESES NDMA XER3AR A Pk
SRIHIK BT SHEET A CODy>DMA>T > A

(3) &5 X BLLLYS Y W) TRV 45 K 5 AR 70 RE
AR P2 BT, 15 BTRBERT Br NDMA £ BRIl
HUHTA TR, BREADLTS e 5 T OUL SN #4 R5 AE R RE A
W22 e I A [ i NDMA ;AR EER ™ A=
FRT R R, B AT A TR BE RS AR BEAE T, W] LA
N2 B 1 ) RN RRAEL TS e ) B B NDMA 315
175 G0 114 0% B % B [ 0 R TR A2 5 TR 59 ) i A
IREEN], WEHMRILT NDMA BYIREE L ERid e

XHROULME DL 1% M AE B0 () NDMA- &
BROLE, ASCHETEHALHME. TSR
NDMA /K5t A iR BE T 2000 8, SRl K SE 5
BIERAN AT, AR T AL A BTIAG,  [A) ik
P T RS T5 CRH, FiAS K BT 240 NDMA
R BRAAE AR SN SR 5 Wy B R, R R sk AL R BE
R NDMA T 277 A0 44 Rl R 50K Hh i) T2 4fE
JRIN P A PR SR AN S

SE 3k

[1] HRUDEY S E, BULL R J, COTRUVO J A, et al. Drinking water as
a proportion of total human exposure to volatile N-nitrosamines[J].
Risk Anslysis, 2013, 33(12): 2179-2208.

[2]  State Administration for Market Regulation, China National
Standardization Administration. Standards for drinking water quality:
GB 5749—2022[S]. Beijing: China Standard Press (H*[E4R7EH AR
1), 2022: 8-9.

[3] FUJIOKA T, KODAMATANI H, MINH TRAN H D, ef al. Degradation
of N-nitrosamines and 1,4-dioxane using vacuum ultraviolet
irradiation (UV254+185 nm or UV172 nm)[J]. Chemosphere, 2021,
278: 130326.

[4] HANY, CHEN Z L, SHEN J M, ef al. The role of Cu(Il) in the
reduction of N-nitrosodimethylamine with iron and zinc[J]. Chemosphere,
2017, 167: 171-177.

[S] FUJIOKA T, ISHIDA K P, SHINTANI T, et al. High rejection
reverse osmosis membrane for removal of N-nitrosamines and their
precursors[J]. Water Research, 2018, 131: 45-51.

[6] PLUMLEE M H, LOPEZ-MESAS M, HEIDLBERGER A, ef al.
N-nitrosodimethylamine (NDMA) removal by reverse osmosis and
UV treatment and analysis via LC-MS/MS[J]. Water Research, 2008,
42(1): 347-355.

[71  VAIDYA R, WILSON C A, SALAZAR-BENITES G, et al. Factors
affecting removal of NDMA in an ozone-biofiltration process for
water reuse[J]. Chemosphere, 2021, 264: 128333.

[8] JINWOOK C, YEOMIN Y, MOONIL K, et al. Removal of radio

(NDMA)
coagulation and Powdered Activated Carbon (PAC) adsorption[J].
ResearchGate, 2009, 2(2): 49-55.

[9] ZHANG Y J (BKERZE), LI X X (ZE5E3), ZHAO X L (BXIFY), ef al.
Studies of turbidity removal of winter Taihu Lake raw water at low
temperature using composite coagulants of polyaluminum chlorid[J].
Fine Chemicals (f541fL T°), 2008, 25(9): 908-913.

[10] LIX X (ZE§), ZHANG Y J (5kEK4), ZHAO X L (BXBE7R), et al.
Experimental enlargement of enhanced coagulation process for

N-nitrosodimethylamine from drinking water by

treatment of low temperature winter Taihu raw water using
PAC/PDMDAAC composite coagulants[J]. Journal of Basic Science
and Engineering (b FI3EAl -5 TRERL#244R), 2016, 24(1): 157-167.
[11] ZHANG Y J GKIERZ), ZHAO X L (RIFH), LI X X (i), et al.
Treatment of low turbidity and low temperature raw water using

[12]

[13]

[14]

[13]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

composite coagulants of PDM-The treatment of low turbidity
Yaojiang river raw water[J]. Fine Chemicals ({5404kT.), 2007,
24(7): 696-700, 705.

FAN L J (JERHYH). Preliminary study on the formation of NDMA by
enhanced coagulation using composite coagulant treating micro-
polluted raw water[D]. Nanjing: Nanjing University of Science and
Technology (R4 HLEE T K2%), 2018.

XI'Y L (2—12). Study on enhanced coagulation coupling filtration
remove NDMA[D]. Nanjing: Nanjing University of Science and
Technology (7 FHE T.K2%), 2020.

ZHOU Z Y (JH#ig). Study on removal of NDMA from Yangtze
river water in autumn by PAC/PDM enhanced coagulation coupling
filtration[D]. Nanjing: Nanjing University of Science and Technology
(R T K2), 2021.

JIA X (B5Jill). Synthesis process, polymerization reaction mechanism,
and relationship between structure and properties of PDMDAACI[D].
Nanjing: Nanjing University of Science and Technology (FFZEUEET.
K2, 2011,

LI X X (Z=5#5#). Studies on turbidity removal and mechanisms by
enhanced coagulation using composite coagulants containing
poly-dimethyldiallylammonium[D]. Nanjing: Nanjing University of
Science and Technology (g 5 H T.K2%), 2012.

KARWEIK D H, MEYERS C H. Spectrophotometric determination
of secondary amines[J]. Analytical Chemistry, 1979, 51(2): 319-320.
XIE Y (7€), TIAN T (H [H), OLUBUNMI M O, et al. Study on
detection of trace NDMA in raw water treatment by SPE-HPLC[J].
Modern Chemical Research (f{fk T-HF%¥), 2023(9): 63-65.

HE C X (fif#H#), LONG W J (JETLiT), ZHU F F (REIE).
Probability and statistics{M]. Beijing: Higher Education Press (755
O AL, 2012: 79.

MA Y (H7JG). The structure, composition and their engineering
implication of diatomite in Zhejiang[J]. Journal of Railway
Engineering Society (F TRE244), 2019, 36(12): 17-22.

LI Y H (Z#41), ZHUANG R (KE#i), ZHANG Z (GKI0), et al.
Research on the structure, chemical composition and characterization
of humic acid from lignite[J]. Chemical Industry and Engineering
Progress (fL T.HERE), 2015(8): 3147-3157.

DENG H W (XifE47), JIANG D H (#1%1E), HUANG X J (BEZ515F),
et al. Adsorption characteristics and mechanisms of Se(IV) on humic
acid[J]. Soils (£4), 2022, 54(4): 827-833.

DO MONTE S A, VENTURA E, DE ANDRADE R B, et al. Control
of ionic properties of N-nitrosodimethylamine through hydrogen substitution
by fluorine atoms[J]. Structural Chemistry, 2012, 23: 1193-1201.
AL-GHOUTI M, KHRAISHEH M, ALLEN 8, et al. The removal of
dyes from textile wastewater: A study of the physical characteristics
and adsorption mechanisms of diatomaceous earth[J]. Journal of
Environmental Management, 2003, 69(3): 229-238.

MCCARTHY M, TAMASSIA F, WOON D E, et al. A laboratory and
theoretical study of silicon hydroxide SiOH[J]. The Journal of
Chemical Physics, 2008, 129(18): 184301.

SKAARUP S, GRIFFIN L L, BOGGS J E. Ab initio calculation of
structure and inversion in difluoramine and dimethylamine[J].
Journal of the American Chemical Society, 1976, 98(11): 3140-3143.
SALVADOR P, CURTIS J E, TOBIAS D J, et al. Polarizability of the
nitrate anion and its solvation at the air/water interface[J]. Physical
Chemistry Chemical Physics, 2003, 5(17): 3752-3757.

MAO Y L (EHif), ZHANG Y F (KHEJX), LUO S T (Bt HY), et al.
Advances in flocculation mechanisms and research of water-treatment
flocculants[J]. Journal of Civil Engineering and Management (1A
TR SEHAR), 2008, 25(2): 78-82.

DENG B (X[%). Preliminary study on the formation regulation of
NDMA from the reaction of PDMDAAC with chloramine[D]. Nanjing:
Nanjing University of Science and Technology (R FE T K2%), 2018.
QIAN W L (#k¥:¥2). The N-nitrosodimethylamine formation as a
disinfection by-product during the enhanced coagulation treatment of
micro-polluted waters[D]. Nanjing: Nanjing University of Science
and Technology (B ZLHL T.k2%), 2016.



