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Abstract: Nonylphenols (NPs) is a toxic xenobiotic compound, which is identified as an environmental endocrine
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disruptor. Due to its lipophilicity, NPs can easily sorb onto soils and sediments, and persist in the environment for
long time. NPs accumulate in various organs and pose toxic effects on organisms. It has been listed as new pollu-
tant under “China’s 14th Five-Year Plan”, with strict usage prohibition. Theoretically, technical nonylphenol con-
sists of a mixture of 211 possible constitutional isomers with a varied and undefined degree of branching in the al-
kyl group, among them about 50 ~ 80 individual isomers have been identified in technical mixtures. There is suffi-
cient scientific evidence that the toxicological effects (estrogenic activity), as well as the environmental behavior
(degradation and accumulation) of isomers can vary. Therefore, it is necessary to consider the nonylphenol problem
from an isomer-specific viewpoint in environmental, exposure, and health studies, which can serve as a fundament
for its accurate assessment and prediction of potential health risks. In the present review, the recent advancements

and future trends on the isomer composition, isomer-specific occurrences, environmental fate, and toxicity of nonyl-

phenols were summarized. The perspectives and challenges are identified for future studies.

Keywords: nonylphenol; individual isomer; environmental behavior; isomer composition; estrogenic activity
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Fig. 1 Chemistry structures of nonylphenols (NPs) and reaction principle of synthetic technical NPs products
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Table 1 Common physical and chemical properties of nonylphenols
P NPs 4-NP, 4-NPg 4-NP,,,
Property CAS No.: 84852-15-3 CAS No.: 104-40-5 CAS No.: 26543-97-5  CAS No.: 186825-36-5
451

Chemical structure

W siC .
Melting point/C
&3 JE/Pa 25 C)
Vapor pressure/Pa (25 °C) 03
KM (mg- L") .
Water solubility/(mg-L™")
SERK AL R B (log K,y,)
Octanol/water partition coefficient (log K,,) >4
ALK 53 B R B (log K,,)
Organic carbon/water partition 428
coefficient (log K. )
S EA(pK,) 0

Dissociation constant (pK,)

CoHjg
m
HO HO HO

ol

42 90 87
0.11 0.008 0.024
70 12 14
5.76 592 5.80
428 437 430
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IEAh, Shan 4603 i A B AH 5 C-Fn C-pR g
(1) 4-NP AR T & AT RS H 4398 v 4y 4
fift SRR T ZINAE 14 ~103 d Z
i), AR 22 (1 4-NP P2 TR Sun FTBFSE T
NPs {A4) K 10 Fft 4-NP SERIRLEGT S N A0 & 5¢
FERARRR P B OIS A, Bk B 4-NP 7EAE 1 1
PIAFAE SR AR e M O 5 ARt LA R e ke
FARFR a-BR A IE 1Y 4-NP 7048 9 44 N T4 4, HL
WHRE ., WA, ZR IR LI T 4-NP 1Y 1 ¥ 5
LAY USSR . A BT 4GE
NPs 7€+ 3¢ 50T WIR & WA WrE R B
SR ELARE AP i S B £k 7= 1, 3 e g 6 A
KATE NPs ZE I B Wang 2594 il T JLFR
BLAILIA i FE BT 4-NP S IR, IFRE L T B A4
- G SR, UESE T X Bl SR B W
4-NP JE RV HFR A ME, BT R S B A R 57
P, Ringbeck %™ & WL T 4-NP, e 3 #2 2 1k (6-
OH-[4-NP, ) J ¥ 3 AL A 38 7 ¥ (6-0x0-[4-NP, ), Ff:
BRI e A ) A 1 T R R R P A
Giinther " XL ILE Y NPs 90Tt & BL T
AL SRR ZH AR, 25 58 8 A [) S5 ) R 0 95 28 2580
55 A 25 5, BN B3 F 1) £ BE RSB NPs 1)
15 Y RRAE N 2 2 AU

4 NPs RH{FE)F %R ( Toxicity of nonylphe-
nol isomers)

CA 5853 IAESE B, AR 1) 4-NP S48 {4k £
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R R EEPEROR Y NPs 56 A 2 2
AT HE P R, PR AR 22 0T 9% 38 2o X HE 4-NP
5 (17 B -estradiol, E2)AY ML 1% 113k PEAY H
BEPERUON . FEBR— AL A W AR i i TS AR B AR
A WFIE I & 5K NPs Tl 5 20 AR R AR
3, 38 A5 b it 95 2R A5 X b 3 R I SR
[ AR 3 S 2 22 5 Kim 555
HHT & (LK ol NPs 43 7 A8 Gy, I8 i %
BRI Z O 2 M & S A 4-NP,, M40 MR
TPE R B, H NPs Tolk 5 sl H AR ) i LA B0
G, WG 12 A BAAR S 38 1 ] A SO A iR Tl
H NPs 4153 B 14 A48 07 I W0 X HL 0 93 3% 3k 0y, 20
RI4-NP, , MERER G J) o, HEURG T 4-NPy, , X
52 Rt saie B A —20, nT R TR A3
BriRZe T RAK 4-NP SEARIEM ) Bl AR £
BAE B2l Ak A O 4-NP Y B — 1k &, DA T B v
i PP Al AN [F] 4-NP A9 33 & 3G 77, Routledge #11
Sumpter!** 5 FH P2 1 D& M 93 28 05 4 125 6 S ] Joe 56 1
FAL A SR RN AT TR ST, 45 R R e
TEARTG BR 1 AU A7 & (HERCER G T X >l 67 > 46
A7) e EBE A EE (6 ~ 8 AN ST I 38 2% 4 e
A S0 ) B 0B 50 (2 e > e > A1 i ) 349 5 1) o 35 13
FAL AW EEZ ALV ; Katase Z5PT%F 13 Fh Al
4-NP SR 11 M 38 28 2000 AT T X B IEAR (3 2),
2 PRI TR AR e 8 3 1Y 4-NP o HE X I I 4 0
TR B 55 B AR 4-NP 1Y 18 57 ; Preuss %538
it NFLI I AN (MCF-7)84 5 S 56 S MVLN S5 56 55
W AESE T AN ) S 4 R M 28 000 1) 25 5, O 4 R
FHH—AE A W00 X o] LR o A b PE AL NPs 1% 0 3
FAUV ; Saito S5 T A LS WO 4 B A T 2 B
4-NP(4-NP,,, Fll 4-NP A FHES M 1A IF e T H
R AN, 2 BX Bl S5 g A 55 713 T A ) 5 2R
BN I B 225 Zhang FEYH A T 4-
NP, /S Il R X A iy s 5 22 2800 AN ]
ULAh , NPs Xt 3h ) () A= Jl wE R 52 B TR %
TE o VEN AL N a0 , R B, K015
#& T NPs 252 W A2 JH R G0 0 1IE % & B Roig
EW I IS A IER T IR U B Y 4-NP(10 pe))e
i PN A A 26 T R 0870 5 Cheng 26 & SRR &
FFE2T 4-NP J5 , H A MEP:#S 2 (Coturnix japonica)f)
KT RAEZEBIE, BIHAE 1 N Uguz S5 fitiE
K ERBAEEEAS T 288 T 500 pg-mL ™' K 4-NP J5 4 T
EEfE e ek, BN, N4l K I, Liu

SEPOSURRE5Y T 4-NP, . 4-NP,, Ml 4-NP,, X} Sertoli
TM4 Z0HETEPE B 52 M, 45 3 R 4-NP A R 1 fE
{308 1ok A LA 5 5 30 B (A% SR A 20 L T A
S 55 B 7 DL K MAPK | Akt {5 53 %) Al
A3 AT PR FH (LB X R A2 A | 4t 3% 42 40 5 53
T-Lh B N 43 b B 5 W) X Sertoli TM4 41 Jifd & #54E
L, BRTRI 519 4-NP SR R X TM4 21 g 45 5 T
REIAAETE — 2E 22 5 Ying 5P L B 4 Fh 4-NP 119
SEFIIAR(4-NP,, 4-NP; 4-NP,, il 4-NP )3 fik i
P45 3b-HSD Hl Cypllal & [ [ ik AL Leydig
0 SRR A A B, e 4-NP, IR B B
WF9E % R TR T 4-NP 52 #H K A A ) (B 5t o
%[44, Oreochromis mossambicus) it A K 18 2 /1 5
FAEA R T4 W) 52 0 75 T Bk 26 L 1 8 AR
BPRTIRE , IR S0 PR A A0 MR R SR A o
AR G B PR TR Y 5 4-NP 5 88 X 2 A% /N Bk o
(Chlorella pyrenoidosa) 1 #} = #} % ( Scenedesmus
obliquus) A LA A AL ) B AR BRS TN E
AOEA RS R LIAZmS, Xia 5%
4-NP Z @B MErE SD KRSy R RE, 1 i Ig
JUPE R J 5 88 5 Negiishi 25°7 % B L300 fif 4 2%
5 4-NP 15 7 B SRR B 38 % A2 0, RV ANk, DA
SRR B BH 4-NP S5 #4978 B PERON - 25 5 T
YEIR AT & /D, i T O A B A A IE 35 2 m AN TR
4-NP SH{KXF Sertoli TM4 41 Jfd (1 45145 1 A7 4 22
S B0 AZFUIMIERST 4-NP S A A3 MR N A IA TR, A
7T BE R VA b Tk B T s A 1 XU

5 #5125 RE (Conclusion and prospect)

AR SCEE 56 NPs [7] 535544 1R 19 28 ORI A5
TR B PR RN AT T 845 15 I DUE E A58,
(DNPs Tl i [7] 53 S A8 A 20 1 1) 52 bk e 17 34
B B NPs W52 241k, A 5t 43 W R4 2% B 4-NP
SAIRAEIR RIS | A W) I A B B 1 2800 55 22 5 T
ALl e S R R e o SRS VN8 e o P T
FJRAHSC B BT ) WA BUARTE R B, NPs Tk i
REYh FZW SRR a-Z= R 25 14 1 6% Aot
SRR =W, A0 45 10 Fh EZL0 AT IR U 4-NP,; 4-
NP,, . 4-NP,, . 4-NP, . 4-NP,,, , 4-NP,,, . 4-NP,,, . 4-
NP, , 4-NP,,, F14-NP,, 55;(3) H 87K 4-NP (1)
WEEVE I 7EJL ng- L™ 280 H ng- L™ Z 1], H R H{A
RS Tolk S AL, 15 KT 7K 4-NP R BE B iy, 5
A3 L H TS KA B it A R B 5 (4) AN [R] 4-NP
SRR S I FRBEAT A B B M (M T8 2R 0 ) B 1Y)
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ELITRE M NPs BI5 5 Jf th 7 TR IR IR
IR, AR 2SR50 KA 19 (R BT 9 Fif doe B 153 6
P& W) AN XU A B I E [7 AR A I/ 280 R 1 3
TE)(HT 1192—2021)45 | {HZ B X] 4-NP 544 14
TSI R AR B AT IR, X 32 B2 BR T 0 #7 O vk B A
K 4-NP L —AL S YR S AhR e S R B . 55— T
T, 2 NPs (19 28 779 98 O [, e A 7 ) ol
TRA Y[R 73 SR AR L B A BRI T5 e AR
W AN BT, 5 R BN R T 204 7 (9 NPs 4 n] REAF
TEZE S, WL T3 [ A 25 B3 1 e ) B S 7 35 ik
AT RE G KU A, A B B (1 1 A B e 458
WA, AT FE S IE IR 22 B 4-NP S 44 1R S0 e S5 449
PREGIREEAT R U, A% AR ik B T R 25 25 2
HAT SRR S, 000 e A M W AR 3R 584 Jo K
NANBOR B, X BT H AT AR BB, [ A
MR A B, B [ NPs 19 AR 2 5 R AR
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