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Abstract Thlb study*measured the concentrations of six N-nltrosammes (NAs) in water samples from each process stage of three
sttert.Cr treatment plants ( WWTPs) and their corresponding receiving rivers. The occurrence and removal of NAs was then
systematically studied in three WWTPs using different treatment processes, and their pollution profiles and sources in the receiving
rivers were analyzed. The results showed that the six NAs occurred widely in the wastewater from every process stage of three WWTPs.
NPIP, NDMA, and NPYR were the dominant pollutants with concentrations in the tens to hundreds ng-L~". The three WWTPs using
different treatment processes removed a certain amount of NAs, and the modified A*>/0 and A?/0 + MBR showed good NAs removal
effects, with total removal rates of 95% and 63% , respectively. The removal of NAs mainly relied on microbial degradation and
transformation during the biochemical stage. During the filtration, disinfection, and MBR stages, NAs precursors in the wastewater
treatment system could form some added NAs after a series of reactions. The six NAs were also frequently detected in the surface waters
of receiving rivers, where the main pollutants were also MDMA, NPIP, and NPYR, which was consistent with the influent of the
WTTPs. The sources of NAs in the receiving rivers were wide ranging and complicated, including emission from the effluent of the
WTTPs, the release of untreated sanitary sewage, industrial wastewater, and surface runoff from industrial districts. Therefore,
effective measures should be taken to reduce the input of NAs into receiving rivers, such as enhancing the capacity of sewage collection
and treatment and optimizing sewage treatment processes.

Key words: N-nitrosamines (NAs) ; wastewater treatment plant; treatment process; occurrence; removal; source

N-EA R (NAs) E—2i A WA SE I RE AT A9fL 2R (NDPhA ). X Pk A 4 Bk Pk (3%
AW, BAIHY NAs #1300 2R Hidh k28 1), FLVENTHEREE KR % 5 777 HAR %K
NAs SHH B ERMBUETE Y. ENAMFsciRE  BEIEUHK ., J5K KR E T K, R s
Fbis 2 19 NAs E B A 9 Fp. N-T A & — H B

N o " s EEA: 2018-12-15; f&iTHHA: 2019-01-17
(NDMA) | N-WEfifi 3 = 21 (NDEA) | N-SERHFEIT s Bmm | o o skR i o ] (41473108 ) ; oo g VBT

i VRS — T R N B 3 ARl 45 28 435 ( PM-2x703-201803-060)
CMENMEA) | N-LRRIE = T (NDBA)  N-EAR ey i gt Coms ) | 9 H1-, BORRFICR, ER 0N
FLNRIE (NPIP) | N-TVAH LMk (NMOR) | N-3Ffi Ak ) SR 268 HLTS G P A5 8 7 B R BR AL, E-mail .

liuwangrong@ scies. org

I]H:H%( NPYR) N N-Eﬁ%%:ﬁﬂ'ﬁ( NDPA) %D N-]Zm% * ﬁfﬁ"ﬂfz‘,]ﬂ—mail; guangguo. ying@ m. scnu. edu. cn



3234 57

B 40 %

Wl — i B IJLZE L +ng-L7, MBI S (W
NDMA) AJ & 35 JLH ng-L "7 FREEK M4 NAs
RRIR LR 1z, AZEH W AETE R 22Tk i 5
2o A MR NAs , LA 76 T KR HE, O
7k$ﬂ?§7kﬂ@?ﬁ%ﬁiiﬂ, DhBecfrmn . Athodts | AR il
CRABORE JRLAE P A TR A
/H\Elﬂaé@ztlziﬁagﬂﬁ e O ZKIH 2R 2 H NAs EI’JFz
M, U R R R R R HL SO B R Y

NDMA!M =B HH 8, NDMA 13800 U iz i T H
i AR TE AR R ) (I =i e AT 2R ), 2450

KBS KA 10 ~*ng- LA, NDMA 2oj XU 57 14
0.7 ng-L™" ( =& H K N6 000 ng-L™")". T I
AR TR H NDMA X A %) 7 58 U, 5 A= 4
ZL(WHO) #LE 7K H NDMA 135 K i A
TR 100 ng- L™, SEEINAIAE S W F1 5% i 2
FUE K T NDMA A4 R I 10 ng- L'
ROl HRAE, FREEH IR TIFZA K NAs 1
VAT, K Z BS54 T E £ AR K o
NAs [ B K3 A8 70 A el & i NAs 1Y
B A
F“ﬁ?ﬂ%“g 2” 2016 A BB AR %uaum
FH7J<7J<F%1J*J7§E’J NDMA $dfis , FF4S A Pf i
R, Xﬁklﬂbﬂﬁﬁ PKH 7K NDMA E’J{@E%ﬂ jaﬁﬁ

Tﬁ%ﬁth K [ Yo 7K NDMA E’J*Eéﬁ{ﬁf“jﬂ:
6l nah 1l ‘,‘ja?ia [E#FR 7 5E NDMA E@jﬁﬂ(ﬂh;__, :

(R ARE. TRAE , i S IR A e W R
RFWIFEN R R e 23 AN 44 AR
() | 155 SR 164 DNKEE (G 1)
K ISk KRR R K ) A8 & 1 9 Fheas UL NAs,
BT T KR T S /K 4G 1 R e T 36 5 9
Pl NAs ' NDMA it v B fe iy, ) KR e koK
r NDMA E’Jﬂ?i@ﬁ%mﬁﬁ\ﬁﬂﬁ 11 ng-L™"Fl 13
, KR K i NDMA AE 7 e S 40 66
ng-L~"y ZERVLHA AKEE S, 9 B NAs Kt 9 i
BT, )UK AU kK NDMA (8734 5T
WIE SR 27 ng- L' F128.5 ng-L™", KIFEATHY
NDMA Az i REE-44 4y 204 ng-L-""20 . "I L, 3R
JKIEAK T NAs 15 YLk 10 4 Ay ™ H A5 il (G 2
NDMA ), XF NRFATERE (R f e AU . Ko %
B, AR TS KA HE (B EHE ) DL A5 K AR BT H 7K HE
HUEAIEK H NAs i —ASEZRIE 2 4R,
H A TR ENG K AL BT NAs (145345 Fil 2 BR i

ng-L7'

s b WL, HARIIE Y L8 - LE
NDMA "> ="' R A 0 B4R 58 iR ) NAs fE 3 [

157K B v 8 3o SO 2L BRALEE.
ARWFFEAE) T IMEFE T 3 PRI AL BE T 20 A9 75 7K

LR H%7J<5LIEJ‘J‘_7F$FP NAs [io®

AEEET ) SRR T 2B T5 KB KRR K HE i D1
TR A B T KA, DU 2 o NDMA | NPIP,
NMOR ., NPYR, NDEA FI NMEA 3% 6 it NAs )5 &
WK, REWISET NAs fEA[RIALBET 295K 4k
B4 T AR A BB, I W 1732498
7K NAs (95T MR B 4 A SRR, DRSS A
BT/~ NAs 7638 E 5 KA B 4 T2 BER 43 A
KILEBRAAE, SRR KB T2 #2505
JKALFRTXF NAs K Ry ok #y 1 25 B 30 R SR AL B
HER

1 #R5FEE

L1 A S5GR

Fr e NPIP (99.2% ) . NMOR (99.0% ) .
NPYR(99.0% ) , NDEA (99.5% ) W # -1 [ Dr.
Ehrenstorfer %y #); | NDMA ( 98. 0%) ﬁﬁ’ NMEA
(99.5% ) Wy E& 435 [E 02Si A Hl; mﬂ%u\w
NDMA-d, (99 0% ) W EEFR L Chiron /A‘jx |

ﬁﬂﬁy(ﬁﬂéﬁﬁ)%ﬁ*%@&(@%QEE)WIET?F‘E
[ Merck 23] HBR( (iikal) T 56 Tedia 24
il BACBRIE 99, 0% )%uﬁmasmmmzﬁ) )
BT % EH SIGMA /A\j HLB I*HZFEWJ\H(ZOO'
mg, 6 mL) 14 T3 H AP f@lﬁﬁi.
AAETUIME(2 ¢, 6 mL) I'E T 3£ E Supelco /z}j
YIS 41 4k yE B (GE/F, 0.70 pm) W B T 3% E
Whatman 2] ; AHAHE WL €28 (13 mm x 0. 22
) W BT 2 SRR B A PR .

AR B B (16 L) WA 'E F 5 [ Alltech 24
A5 MTN-2800D & WA & T K it Ry 3% R IHT ()
PR\l 1200 F B R A0 A £ G
G6460A =T Elé&*?!ﬁi%ﬁ( ( UHPLC-MS/MS) 14 &
T3 Agilent A H]. SHG HIZK B Milli-Q 8 267K AL
(3£ Millipore 23 F] ) il HY.
1.2 RFE RIS SFOKFERSE

ARWFRIERER 3 DA I T 20 A 1 15 7K Ak
BT ARAE T M, A5 XT, IX
LD, FrRAMAE T 2458 R A*/0, A*/0 +
JEEA: W s N #% ( MBR) FlN2 A 28 8 =0 1 75 T vk
(UNITANK). SREES R E TRMNGKAEH & T
B K A R R K HER TR AT 100 m
b, A5 A BR T2 R B X R A SR A N A 1
fis. BERCREET 2015 475 ~10 AT, M BIoR4E
K LB KEEG 3 RAER 24 hIREFET 1 LR
T, BRRCRFRR BRSO 2, A s 2R 4R 3
ASEATHE 5 T KA S AR5 K AL TSR A 2K
PRAE—K, REEAFUA | L, [RIREREE 3 4FAT



7 39 MIEIRATF ;. N-IEFEIEAEA R BET 2075 K AR BET P i) A S 2 B 3235

(a) XT {5k AL FR)
R AYO TY

PITRER 4

o TIRRAE

®) X A \\L\
AYO +MBR T % - ‘ o
Wit
\F‘
R
I
G

P ER

AT
—
L\
A A
(c) LD KAk BE
UNITANK T %
R
—_—
W
A A

E1 34SALE MAETERERENERE A RS

Fig. 1 Map of the treatment processes and sampling sites for three WWTPs
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Fig. 2 Concentration distributions of six NAs in the wastewater of every treatment stage for three WWTPs
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