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Fate Analysis of NPEOs and Their Metabolites in Municipal Wastewater Plants
LIAN Jing, LIU Jun-xin

(Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract ; Nonylphenol ethoxylates (NPEOs) , as an important group of non-ionic surfactants, have raised the society’s serious concern
because they can be transformed into their metabolites such as nonylphenol (NP) after biodegradation, which could cause potential
disrupting effects on the endocrine system of wild animals. In this paper, NPEOs and their metabolites were taken as the research
objects, and the occurrence and output pathways of NPEOs and their metabolites during the municipal wastewater treatment process
were investigated, as well as the affecting factors of their removal efficiency. The results showed that NPEOs and their metabolites were
ubiquitous in the influents of municipal wastewater plants, and the concentrations were related to seasons, geographic locations, living
habits and so on. NPEOs and their metabolites entering WWTPs were output mainly through three pathways: biodegradation, adsorption
onto sludge and release via effluents. Endocrine disrupting chemicals such as NP and NPECs were produced during the wastewater
treatment process and entered the environment via effluents and sludge. The results of this paper could provide a scientific basis for the
construction of safety control techniques in the municipal wastewater treatment plant.
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)& Ah FARAKK . X5 NPEOs Pk i 75 %
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F1 ERSNTAKIT#HKFH KR NPEOs B ER B = 89RE

Table 1 ~ Concentrations of nonylphenolic compounds in the influent and effluent of STPs
R NPEOs S AR =ik / wg - L ! N
. STPs ‘ s AR IR/ pe ik
LS ik
NP:24.2 ~94.6 NP:2.2 ~44
L 1 NPnEOs (n=1,2):88.7 ~240 NPnEOs (n=1,2):2.86 ~217.4 (6]
NPnEOs (n=3) :865 ~ 1967 NPnEOs (n=3):72.6 ~422. 4
NPnECs:24 ~81 NPnECs:87 ~613.8
w NP:14 NP8
it ! NPrEOs (n=1,2):36 NPnEOs (n=1,2):93 (7]
Tir Bt 8 NPrEOs (n=1,2):9.75 NPrEOs (n=1,2):2.73 [8]
A A 5 NP:0.6 ~3 — (9]
PSS NPrEOs (n 0 ~2):140.0 NPnEOs (n 0 ~2):1.99 [10]
£ 4 NPrEOs (n 0 ~15) :425-894 NPrEOs (n 0 ~15):1.62 ~38.2 (1]
NPnECs:0.28 ~3.2 NPnECs:7.46 ~99. 3
NPnEOs (n0~15):1.7~6.6
HARA 5 NPrEOs (n 0 ~15) :29 ~ 145 NPnECs:0. 6 ~15 [12]
CAPECs:7.92 ~48. 43
P 1 NP:19.26 NP.4.57 [13]
b { NPnEOs (n0~2):39.0 NPnEOs (n0~2):11.6 f14]
NPrEOs (n=3):20.5 NPnEOs (n=3) :30. 1
i 4 NPrEOs(n 0 ~15):9.52 ~214.2 NPrEOs (n 0 ~15):0.04 ~0.35 [15]
NP:4.18 ~18.7 NP:ND ~0. 44
i 4 NPrEOs (n1,2):8.96 ~29. 68 NPrEOs (n1,2):ND ~2.24 [16]
NPrEOs (n=3) :2.38 ~65. 56 NPnEOs (n=3):ND ~1.19
NPrECs:6. 44 ~60. 72 NPrECs:5. 06 ~14. 72
B 1 — NPrECs:143 ~272 [17]
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CEIE AR B NPrEOs (n=3) 4b, HE = 2547
HA WP, E A IR A B s 2, 15K
T HyEE A LUK SE NPEOs o . Fi 19 11 4524
FERT5K ) Bk h NPREOs (n=3) (548 R £ 5
(F¥982% ) , HokJ& NPnEOs(n =1,2) (12% ) , 8%
Ji & NP Fll NPECs (4% 3% ) ; %[ 32 P84 /Y75 7K
J7UU SR K & L NPEOs (n=3) i 3, NP Al
NPnEO(n =1,2) i NPEOs & H A 6§ 7 4 2 & 1y
23% ~42% . XU NPEOs Wk ¥ 7 78 #F A 35 K Ab
P20, B R AEAR KRR BE L iR i) o
V5K Y R 45 R 0T AR 58 4 — 80 BERRRIAE)
eV A EAC T 4 G KAL) R S5 R R B
KL EA KSR NPrEOs(4<n<10) K3, 1M
J%E(n <4) FIKEE(n>10) NPnEOs T 5 b i) 45
b X5 EAMY A LSRR AR AR

At st RS KA B K B, KR RS A AR A
F£ 9 R0 Poisson 43 i B K 5 NPEOs 4, if K
N 4 AR v i BE 19 NP A NPrEOs(n =1,2) , HVRBE &
Iy b NPEOs K AR =) S 1 82.7% 5 £
XHAUE 4 AT 7K A BT Y E A 25 R B, NP
NPnEOs(n =1,2) F1 NPECs i A X} T NPrEOs(n
=3) KUl b A HE KM LB, ik F 68.3% ~
94. 7% . X AT HESE B T3 3k i AR AR X T
AMEREE K, R b s R I BT, 15 /KA
B V5 KAERE A TG K AL B 22 Rl fR 45 18 PN O sl st
MK, R K S NPEOs % 4E WA I v, 38005
FKALFR 7K i NPEOs(n=3) e BEFEAR.

WAL LB, 15K 7K NPEOs S HAR
PR R R BE SN A2 24 Ml NPEOs W 4 70 4 1 i 5%
M, T L5 2 MR BRI A A o6, B bk
NPEOs K A= 4 v B A p i T4 Ze bk
Jir PR v i A, PR SR B I, {8 ) NPEOs %i
BR. NPEOs B ILARU ™ PrfE— 8 Z Ik B oA
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MEZESAHX. HHN, WRIGK) #HKP NPEOs &
AR = R R 24 2 5 R 1) 60% |, T 14 2 Fif T
F, ¥5 K T B PR K B SRR R R =
— U7 R, FRK B B AR T 2B 7K R NPEOs J
AR =40 1) SR
1.2 NPEOs KHACH ™ Y7e oK i ik B

FEVG K AL B R v | R TS G A R 2
FRAM, NPEOs AR ™= Wy ik Bt ke A T A8 fb. 3%
1 [FEE T E N AMEG KT H K H NPEOs K HAR
W= EE . XF R 1 s SR HE KR H K
R BT LB 1 15 KA BT X NPEOs K HAR 7=
Rk B 1 £ R %55 70% VL b fE kT, 4 2%
NPEOs B¢ Ho AR 77y 3 5 Ay, i HL 34 4G DU
NPEOs [1)#f48% fift 7= 9 NPECs. 9140, Fi + 1 52
295 K ) Y NPIEC F1 NP2EC 7 i 7k h
NPEOs K¢ H AR M 7= ¥ Bk B 1Y 46% ; Hk &
NPrEOs(n=3), i NPEOs Kz AR it 4 sk i 1y

28% ; SRJG 42 NPnEOs(n =1,2), i 22% ; NP fr &
LBl i/, ol 4% . FEHFEZ IR A S5 R WoR 1
7K NPECs AU i NPEOs K HAC S r= 4 i ik i
() 81.94% ~96.33% "', XM NPECs &i5 /K]
WK EZAR . BT DA I, R
JET R A BO HE 4655 RN, EO 5 1 FR R Ak K1 #F
15K WA YR st R b b 3 AR

T3AN, K R AN H T A RN £ SR L A B
BRIR 1LY CNPEC. Corcia 251 % & AR Fi5 4K
AT T 4 A H W, 45 R LW, CAPEC & 7k
NPEOs K¢ H AT P2 91 1y 66% , Hirfr L CASPEC Al
CAGPEC J& £, 5 5] CAPEC B 87%. X £ M
NPEOs 7£ % EO 85/ o R ALAE 5475 i NPECs
()[R, T et & 2B SRR VE AR AT 2 AR 2
AN [R]85 K 1 CNPECH™
1.3 NPEOs M HACH = YTz e i & &

TEGK AR T 2 S AE WX NPEOs JH:
PG4 EL AT R f AL ARV, R B 306 7 e ket
NPEOs S HARSE = 0y e Bt ge I AR A 240, % 2
SR R T TG K AR BT V5 e o NPEOs S H:
R =i & 2.

F2 ERNSMETITRES NPEOs RERB=HHNEE

Table 2 Concentrations of NPnEOs (n 0 ~2) in sewage sludge of different countries

[P 15 AR %&’E/mg-kg -1 SCHR
NP.0. 19

| HAkT5 e NP1EO: 0. 07 [14]
NP2EO ;0. 6

NP.2.61 ~12.42

i kTG IR NP1EO:2.2 ~29. 88
NP2EO.0. 47 ~40. 56
NP 100. 93
TG TR NP1EO:10.26
NP2EO 8. 34
NP.2.52 ~22.25
NN NPrEOs (n=1,2) :4.09 ~41. 04
i T NPrEOs (n=3):1.03 ~63. 54
NPrECs:2.99 ~116. 46
NP.154. 08
L Sy NPnEOs (n=1,2):28.3
T NPrEOs (n=3):1.12
NPrECs.23. 48
NP.12. 44 ~ 143. 69
[ipiR FAI5TR NP1EO: <204. 84
NP2EO :no detected
NP.26. 32 ~ 1 290. 03
MK TE AL TS R NP1EO:4. 61 ~311.4
NP2EO: <206. 69
| FAI5TR NP.242
- R IHAkTE R NP.308
s RETHAL T R NP.640 ~2 200
W4 TH AT R NP:120 ~ 650
FH RETHAL T R NP.754
FH W4 TH AT R NP1 100 ~1 800

[19]

[20]
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222 AIE &5 KA )75 1 NPEOs A&
HAC =P B — B AE mg-kg ™ 0. TR EIRTT
V5K AL BE )T V5 PR th NPEOs K AR 1 ) & & A
AR, 3% 535 7K T #E K ok BEAROZ —Buw. BT
T E IR 5 9 NPEOs B HARH ™= 9 il 25 1 %L
P b A b IF O g o6 A AR 3R I T Vs U
NPEOs S HACH =Y B FEAE KT i A it — 22 1
JHARTIE. HAT, A2 XTS5 e NP ik
FEFEAT BRI, P2 HLE NP, NPIEO Fl NP2EO f)
W MM RE BT 10 mg-kg ', HMN EEKFH, K
ZRE F T V5 KA BT I5 U8 b, A NP gk ok
L TR ANPRAE. DA HAS R, NP IR A
TH AT V8 T VR B2 28 K T 7R T P 15 e v vk B2, 3
Al TIRA N T NPEOs {5 F A& E EO
HE R4 8 N, T 58005 U8 H JE A NPEOs il NP
ity BN 27

2 NPEOs RERBI=YEH TS KLGE BT
BEL

— WA A  NPEOs B HARH =W 15 K Ab 3T
(AT R A S A R | T DR I B R s K HE
X 3 F. E SRS R A, iE K 1) 240 NPEOs
B HARE 7=y Bt 1 K R0 95 e HE 5 K kb B 4
LBt 11 A5 KA B #E 7K ) NPEOs Bz AR
W, 1 60% ~ 65% Fifi th /K A5 JeHEA B 28 3
B Sk 3 Ak Y S — AN g k)T
NPEOs K HACHH ™ 1 3 A 5 B 8 2 45 SR %08,
214 60% 1) NPEOs S H AR ™ Py bt 175 e F 5 7K HE
A BSRS HpmR g s 19% , kA s 39% , 4 F
(4 429 HEM WA= WKt 465 =5 K b HEH A
SRFL) NPEOs S HACHH =Wy L 8 /b, 40 40%
K2 30% ; M5 —AN5K] W, KB4 NPEOs
HAU =538 715 L, 53029 90% [ NPEOs
KA = HE S A SR, VR S0 B v X Al 22 52
1 i R AT e 2 5 N5 K T TS R % (SRT) 84,
DR e A P e A 6 T 08585, ¥ U W R g 2 . (RIS
YEFIN N, B4 B 5 0 vEmf A0 43 A T 00, T 22 5 4
T HiL AT 45 R P 4, DA R R v B b T i TS UK
JTHIEAT S H0 Lian SV X0 4 4N T5 K A
BT R TEE LS R R, 21. 8% ~47. 6% I¥) NPEOs f
AR =W ik 7K RN T Ve HE B PR o 55 AR
A 5 R AT, 0 W A= AV P T I oK X AT B
KU T2 A KBTS H0H K.

HHT, A ¢ NP 7875 7K A 31T (14 U3 6 177 iz 18 4

Z. HT NP A BRI RN, LT 5 ABRisR
FERWIVO 5 Ve A0 — D0 16 1415 e i W B VE
FLYR RS Y 2 W I A A B R K HE RO 5 L
A /N2 T NP R AT KA PR T 2R 4R
AIEFR— UK, SRR B, K NP
A REJE NPEOs 7638 7 HETS 38 P & 4 R & o f e
AR PR DX IRL I VR ) NP 35 B TR TS Y Tk 4 LR
AU B SRR AR X F NPrEOs (n=1,2),
EHAEZ BT ST B K T NPREOs (n =
1,2) REBAAYIREAE [ 5 BEK T NPrEOs (n=1,
2)HY 59% +26% |, HUCGZWI Ti50e 1 (5 41%
+27% ) , TR — /N5 BE K HEH LRI R 1.5%
£1.0%. NPnEOs(n=1,2) Fil NP —F B A 458 1)
B K, R B3 e b R AR A — AT
WL, KEBSr NPEOs(n=3) § 4= Wy A, B 2 -
b, LA e B =, R D AF e Tl
AN K TR T NPECs, % 4 4 WA 59 4 1
() 5 o7 [R) B A7, S 30 7K NP 2840 5 AL NPECs
319 Jobling ZE0M 5 NPECs , T H & NPrECs
(n=1,2), B4 554 NPEOs A 2411 20 T-HEak
N B, K KA AE ) NPECs B Y5108 2%
() A, SRR S it i — 25 5.

3 sk ET f NPEOs B H A=
EBRFENER

HH A, NPEOs B AR = e 15 K Ab 8
() A B e 5 B A G T T v ol sl A A A R
B S50 NPEOs J HAC I ™= W i M fi s 4 . 55
5 7K ) AR A 45 51 R, K NPrEOs(n 0 ~
3) G EETG KT #EK T NPEOs bz HAC I = 4 i
1) 42% , 4 RKN 23% I PR= BRI BT,
WL R K AE NPEOs 7EHE A5 /K Z Bist & A4 T 1%
fi. &2k o NPEOs b HARH = 4 ) i e Ji
SRR T AR WO R T AR S, KRR NP 2R
Wy I5% F T B AT 1 0 T A 353 A ke A A T 5K
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