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Abstract: The methods for detecting trace organic pollutants in water environment in recent years are summarized,

including spectroscopy and chromatography technology, sensor technology, biological and immunological analysis

technology. Various detection methods increase detection accuracy while increase the use of complex pretreatment

processes and large instruments , which has become a constraint to the development of detection methods.The development

trend of rapid detection technology and online analysis method is suggested that a simplified detection process shall be

achieved in the premise of ensuring the detection accuracy.

Key words: trace organic pollutants; water environment; detection method

IR B A LTS R R B W LA
ZWIFERE FeAMEA LI R A T A
PR 2555, R A LG R A TR IR Y
T AT A A8 T, FEREE oo Tk A
T2 SRR, UG AR R BRI A% 7R3 2 A4
T M B R e PR o B A, R T AR AR 4G
) FEHE AR, PR, X T oK o A I e
IR G/ WS S-SR ivalll S SR e S A RN L
ARSI B A LA A ) e e o3 TR i O F 5 T
SAET FRRTS Bk R FIAL B 5045 S ] AS 0 45 DA
T B 125 75 3 %045 e ) R I A 2, Jis 5 3 T A 1)
PRICTS YW 9 AL W A BRI TS, AR SCrbote X H i
FHTA I T BEEAT 558 LU, LAR I 300 s A%z

RN 7 123 1) 42 Je B AR
1 WEANSREYHIN

He 58 i A Ak B ARBIE 5 AR X I, x5 BT
PPy £ BRBOR R (EBF 524 v T oK Hh ORI B9
LBk TEBRKALER ), 2 18 TR R 4 L 25 A
WA HOFRI S AN R R A4 75 Qe W A8 25 BRASCR J2 AH 24
I, BERACRARA BAR Y R LTS R 2k
b3 FR G — G K BRI 15 K A B R 5 K
B ETTY) MELL A W HER B R 2
IR BB G

K Bl A BILTS G ) 34 B A TR A 1 5
P TR AR A SRR 2 0 s M SR PR 9 A 2R 3

%5 HH#A.2019-04-23; & B H#3:2019-12-19

BE&WA . HE A RPFIESTH (51678409) ; K Etmi AL HXI 5 H (18PTSYJC00180, 18ZXJMTG00120, 16PTGCCX00070) 5 K HEH 1 & 2 A2 ]

B AT #5111 (TD13-5042)

EBEN F A (1994-) 5 Wi+ B8 H (1963-) , 5B it 8%, o 77 10 I R D Re R S T 38 THIE R A, junfuweil963@ 163.com,,



£ 222 - A, AL L. SE40 B5E 3 1
il AR PN 23 WA R L, T S G HOR R B2 A AR

AR A 4 i OF LR e AP HLTS B 9
(POPs) Rl e —m e nl RE 225 R AR B Wk
PRI Y & A2 28 POPs B & S A7 BUm M | SUm
P BORANE R BT, AR BA 25 24 il
A RELTRSR Tk 445, %25 RLRAT 4054 T, B fee
ARG 25 5 52 0] phy 33k S 45 495 5 2 1 005 1) 5
T3 AN 2 1) e L S 1 TR E R 23R AT B Y
WU, FETS K AL BT i T K A R A
TE BT B0 AW BT 2 PGSR TR ER
BEd e o R AR IS0, A R A
Wi BB R NS R GRS
NPT IR B B ER T4 A o0 2R
G, i MR R AL A A VRO | SRR | AR B AR
GEPE LA KE SO AR g m e

AT BTG G AE K AR R v ol A e, B3
SRR T 75 AR BIUR I HEL . HATAE T oK X
PR RSENE LR TR 2 60 BRI v A A W 1 it Tl
PRSI AN A3 W2 RL) o A LTS Y 2 3
DR A A Z R A 25 R BRI % | R
2 TOH HESH Yy a8 2 W b i i P B AR R I
SIRE IR, SIS B Ml DR REAS 7E AR e JEE A7 FE I il 7 A
P AESh Y rp AR A B A R AR (R AT 5C 114 T i
ZERRIIOT S X A A B A TR S DR 1 M
W A AR 2 223007 et A R T Ak A e e )
HRER

BRIz AN, PRI TR R 4 2R AT LY
ARG, 7K B AT LTS B AN BR T LA B Pir 4 e
WP, HRTAH 4 J1 ZRA LS W0l e 2 i
BAIE g s R R BB, R PR B R
s KRR AR RE Ve, X NS HE 1 2R A5 3R 055
™ U

2 WMEAVFEIENTT X

T AT LTS G C 0 NSRRI A A4 My i
BB R, X6 TR BR 5T el A AL A 5%
ZRSFEM, X TR RO A LRI E ,
TR, TSR TR A O TAL B, 5 H
PRSI NI AT 0 73 2 SR sl b i O B ST Y
o R BRS B SEEA T T, R TG R Dl
U5 ARG o Wik R A= W) o3 A i AT I 5E o
2.1 BESTHERA

XtF A HU AR, O @3 ik AR 3k 2
i BT B, T A [ A ARG I g S XA i 0 A7 A

B AR 5 FH AR S F0 A B 3% | 78 A B [ 1) g
% & ERE A TP R S AT, H B A S I T T
AEFEFR Gy o B FAR W HES | K o = R
XoF TR BE A HILTS G 40 1) G 00 F 138, Chen
S5 R FH EAE AR A BRRE S S SR FH R SO €T 1
BC B 2GR XS /K 2R IF LB 55 5 Fh A5 e O ik
BEATINE ARy 26 ng/L, $EBU I 1E 88% L
F Huang % Fl FH 75 ke 56 = H 3L 98 1k 4% & 1
AT TiO, 9K FEF , & 4 2 3005 & &, kil R
7 0.026~0. 820 /L, [FIFEF]H 475 ke Fk = H 3
TRALEL , Wang %5 R H AL B Fe, 0, ME 9N KL
TR B, S T —FP A R AR A B 7, AR
KRR 2058 Rl FR A% 0. 4~10. 3 ng/L,
BRIbZ Ah, Wei S50 (i FHE 7 4l B LAk R S A B
BESh TERC A T HL TSR 8 1 SR i A, XF
KA HLEARZG AT 0BT, KRR 0. 6~2.9 ng/L,
Marjolaine %7 SR FH A5 41 W Bt 46 BB AR, (6 FH A
YA DU #5141 S50 AH 35 U K T i 15 Rl %
IIFEIRIATINE | ZEOCA I 3 5 14 LA A D B 3k
#0.2~1.5 ng/L, Rodil FBN""™ LI FL 3 A [ 41
ZEIBORE iy, P DA ASORE G35 — TS 2R 47 40 B, A T
TR SR f 1 22 SRR | 2 RO A 2 R R i
Onghena 55" 4 = RV M €335 — £ BC J5 33 156
A B A VOR35S v SO A (3% - R R
AT K rh 18 4 S AL A 1, A 25 SR AT R
P, B A VROR €% — O T S G TR e i

CEE AR R LG A I DTk, 5 5 S
RFH X T 28 v 52 2 Kk A e i Bl L A i L
AR B ARG I PR R BRAR TR A A AL B
BORE, WEREAENE L WO T X T &R JER
FESR AL — DRI 2R 2R PR, P Ak Tt At Bt #
PRSI 26 T o B A Sk, B T B AR A — b
J
2.2 HiESWEAR

TR FH DG R 4 T i T 2 G R X
AN T T, AN R RSO IE R 2 H
TR I E |, X T SRR I 2 85 Sk
ARy R, MR H SO0 HRE R 24k R
i M T B — e

Qu P FIFH CdTe *F 5 R RRE A1 45 & 19
AT T ARBOLT, $2 Hh —Fh 2 3805 158 64 oy
P, PSR RO SR R R [ 2R R P
SN X HE R R B 7351 35 %) 94. 3 .13, 1 ng/ml,



2020 £ 3 B

Wang %5 X6 R85 b ARG B 14 1 3ok 8 A G 00 o
b, 3R T — I T 7 2 PR G ARG R R Sl i e AR A
RSO A ) R G, 2 A G X B R 4 9 % 1)
R SRS 32 2 3 ek A B O 4 A 1R 3 1 KRR
TR R , ABGHE — 20 0 3 AT, O bR A i
TP IR ARAE RO AR ) 5 B [BDE 5 b, R A
FE S B RS SRR 2R AR 5 JEh i 2R AT A
SRV, Olivier 552 FF 5T T — Fh 3L F 4 e 14
BRI R SR S WU R B TR . Sk
JURE [ 7 FERE e Ak 1) A7 BB T ) SRTH A9 7K PR v
HRXSH 2 o 119 43 AR SR A o 2 U B R R . 7R
T KR T 2B e, xF 2 #2005 F i
AR BR 8 10 pe/L, I HLE H T B3 38 58 0 47
Jiang LD IR A Sn® Al AgNO, 75 W H il 28
YORKL T RAR, X 230855 18 9047 3R 100 Y R P2 ol
TEAGIN 76 L2 WOE B T BA 3R 0 B[R] B e
P, RIZAT ISR SL AL P SE DI i, AE kA I
XK Z 305 R AT T 2 5 430, Al 1 PR
JEFEI R 5~500 pe/L, ot EEIPE R AT,
2.3 fEEFBSWHEA

X FAEK s R AR A A HLTS 4o, I B
T i R RO KA A 5 A B4
MPEE BE T r A2 G R A {5 5 E 47 1 s 0l
Tt U A2 R A i ok 1 22 b 1 D0 7K sk
WAV

Jose 55174 SR FH YN K A b1 L5 8 A % R A
G PRT —METENHHAE RS TETH,
R 55 75 53 Z [l R 1 6 43— AR BV E FAE e i
1o BB PR PR AL, kol FH A 0T A5 B A% e
PRAL T IR A% AR FH T 76 R 2 KT S K
TR EE A IR BRAKZE 1. 75~0. 06 ng/L,
Lin %512 (i FH 14 JC 4 i 3o A2 Jhe 0 ) DG A 1
BHEREYE Fe, 0, QUKL TFAE N BORAR S hrid,
PR 2 007 Tk, A% I JoT it 97 26852 i) L 0t
RARAY, R IR I A A A =5 AR R . Sun
U R 2 O - & L - LRk ' A
b AL — i e Al A i AL SR T T AT 3 - K
AL E GO TR E R S MBI A S e T =
Yrohy o T AR RO, 7E B AR IR AR R N A
FHL 78 1 7
2.4 E¥ BESTEAR

Y RIEB AR Z AR A AT 5y Fr i A7 e
S R A Tk S A T Bk U
TG it R T O EL 45 ) B A, K B i

EEZF KPHEBV TR YENTNEARIHAR 223 -

5 Bt g4, AR R AR SR, wT Lsg
A HL BRI

Medinasanchez %[28] Xt A 24 55 < il FH w e e
REDLIEATRLIN , e 42 65 28 B AR A A B, 56
1ASE RGOS 5 2 NME RIS 24 & RA K. —A
B ) 2 T P 5 AT AN R ST, O — el e, 1
I BHAR SR A AT 8 i, 3 3 il G 03 3 BT kA I 35
F, AR, B AR AR Yildinim 257 %
KNI A TR, F 5 — b AR A% R
TR 178 - M — %, 6 28 1% B2 6 o4l 3K
178-ME —FE 52 AR 12 B DNA IRA, T 178-fE
TEERN [ B BOOGARIC Y DNA S AR R 45
HHE S A, 5L 178 - M s Y E 2 th £k, Kl
FR5 0.6 ng/mlL, Mauriz ZEDOT W K o A EA L
1YLy BT R AT B R IR 4 R Y e
R, S — i n] HEE H  e s A B R 2 b
NI BEBE P 1 B v B BT AR SR AT S8 I 5, A D T FR
A E] 15 31 ng/L, 45 e fift M 63 - B ik vk
BGE, M6 R BGA R 0.995, s H AR HA R
S TERSINAS B TH £ 52 7 bR A T B b A
WEBA I —Fh 5125, 38 & 7R AR e B A I H
PR g A0 b T st ik vk A ke e .
P21 B JCBAE T HUR I 45, i R A Aok 4, FLAE )
PERESHE T T A BE S TSRS Y

3 ZFitERE

5 YK AR b R AR AR K LT A 0 v R A e
AHLTS R R AL B T2 o A LAY 18 T B I 1)
HERS R 0 B | % TG I T B A i JR s K Y TR R
A BOE HIE A BILTS S i 2K B AR S B
UTAESR X T oA HILTS ey ) E 5 O 2 B)
ML, DS 77 75 B Ak B T 203 AN TR 7R 3 Y K e
B A 07 1 5 AR S AR AR ZE B PR B ) R
FHURE | ) o e H R 1) SR ST A R B 92 DN
BL, B B R Sk

A5 A I T B 24 Ak B A e O AR 2R (HL
B BRI B AR AL A T 2 A 2R A P O Bh 252K i
W EASLAR , R 1A D P IR A PE AN B, X T
TN B3 BB 2R B o PR e PR A I B3 AR MR 2%
I OT IS HE A SR B S T AL PiAt B AR ,
19U R IR PR 25 AR HE 18] 45 5 A7 PR &
A I A48 ORI 35 AR DG 38 A0 A TR AR AR 1Y
A, REAS A T B I AR LI 5E 75 DR B
B 23 4 R A I )RR PR AE HER T



£ 224 -

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

S 3k

Petrovic M, Gonzalez S, Barcelo D. Analysis and removal of
emerging contaminants in wastewater and drinking water[ J ].Trac-
Trends In Analytical Chemistry,2003,22(10) :685-696.

Guyader M E, Warren L D, Green E, et al. Trace organic
contaminant ( TOrC) mixtures in minnesota littoral zones ; Effects of
on-site wastewater treatment system (OWTS) proximity and biolog-
ical impact [ J ]. Science of the Total Environment, 2018, 626
1157-1166.

Vincenzo De Tata. Association of dioxin and other persistent organic
pollutants ( POPs) with diabetes: Epidemiological evidence and
new mechanisms of beta cell dysfunction[ J].International Journal
of Molecular Sciences,2014,15(5) . 7787-7811.

Carolina Hilgert Jacobsen-Pereira, Claudia Regina dos Santos, Flora
Troina Maraslis, et al.Markers of genotoxicity and oxidative stress in
farmers exposed to pesticides[ J].Ecotox Environ Safe,2018,148;
177-183.

Manviri Rani, Uma Shanker, Vidhisha Jassal. Recent strategies for
removal and degradation of persistent & toxic organochlorine pesti-
cides using nanoparticles: A review [ J ]. Journal of Environmental
Management ,2017,190:208-222.

Eric A Auerbach, Erin E Seyfried. Katherine D McMahon. Tetracy-
cline resistance genes in activated sludge wastewater treatment
plants[ J].Water Research,2007,41(5) :1143-1151.

Frederic D L Leusch,Peta A Neale, Charlotte Arnal,et al.Analysis
of endocrine activity in drinking water, surface water and treated
wastewater from six countries[ J].Water Research,2018,139:10-
18.

Andrea C Gore, Chappell V A, Fenton S E, et al. Executive
summary to EDC-2:The endocrine society’s second scientific state-
ment on endocrine-disrupting chemicals [ J ]. Endocrine Reviews,
2015,36(6) :593-602.

Petrie B, Barden R, Kasprzyk-Hordern B. A review on emerging
contaminants in wastewaters and the environment; Current knowl-
edge , understudied areas and recommendations for future monitoring
[ J].Water Research,2015,72.3-27.

Karen A Kidd,Paul J Blanchfield, Kenneth H Mills, et al.Collapse
of a fish population after exposure to a synthetic estrogen[ J ].Pro-
ceedings of the National Academy of Sciences of the United States
of America,2007,104(21) ;8897-8901.

Malaj E,von der Ohe P C,Grote M, et al.Organic chemicals jeop-
ardize the health of freshwater ecosystems on the continental scale
[ J].Proceedings of the National Academy of Sciences of the United
States of America,2014,111(26) ;9549-9554.

Sun S N,Chen Y A,Lin Y J,et al.Occurrence, spatial distribution,
and seasonal variation of emerging trace organic pollutants in source
water for Shanghai, China[ J ].Science of the Total Environment,
2018,639:1-7.

Chen H W. Determination of polycyclic aromatic hydrocarbons in
water by solid-phase microextraction and liquid chromatography
[J].Analytical Sciences,2004,20(10) :1383-1388.

Huang Y R,Zhou Q X,Xie G H.Development of micro-solid phase
extraction with titanate nanotube array modified by cetyltrimethyl-
ammonium bromide for sensitive determination of polycyclic
aromatic hydrocarbons from environmental water samples [ J ].
Journal of Hazardous Materials,2011,193:82~-89.

Wang H, Zhao X L, Meng W, et al. Cetyltrimethylammonium
bromide-coated Fe;O, magnetic nanoparticles for analysis of 15
trace polycyclic aromatic hydrocarbons in aquatic environments by
ultraperformance , liquid chromatography with fluorescence detection
[J].Analytical Chemistry,2015,87(15) :7667-7675.

Wei SY,Leong M I,Li Y, et al.Development of liquid phase micro-

LA AL T

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

F405FE3H

extraction based on manual shaking and ultrasound-assisted emulsi-
fication method for analysis of organochlorine pesticides in aqueous
samples[ J].Journal of Chromatography A,2011,1218(51) ;9142-
9148.

Marjolaine Daudin,
Barriuso.An experimental design approach to optimise the determi-

Bourdatdeschamps, Jeanjacques Enrique
nation of polycyclic aromatic hydrocarbons from rainfall water using
stir bar sorptive extraction and high performance liquid chromatog-
raphy-fluorescence detection [ J ]. Journal of Chromatography A,
2007,1167(2) :143-153.

Rodil R,Carro A M, Lorenzo R A ,et al.Selective extraction of trace
levels of polychlorinated and polybrominated contaminants by su-
percritical fluid-solid-phase microextraction and determination by
gas chromatography/mass spectrometry ; Application to aquaculture
fish feed and cultured marine species [ J]. Analytical Chemistry,
2005,77(7) :2259-2265.

Onghena Matthias , Moliner-Martinez Y, Pic6Yolanda,et al. Analysis
of 18 perfluorinated compounds in river waters ; Comparison of high
performance liquid chromatography-tandem mass spectrometry,
ultra-high-performance liquid chromatography-tandem mass spec-
trometry and capillary liquid chromatography-mass spectrometry
[J].Journal of Chromatography A,2012,1244.88-97.

Qu Fengge, Li Haibing.Selective molecular recognition of polycyclic
aromatic hydrocarbons using CdTe quantum dots with cyclodextrin
as supramolecular nano-sensitizers in water| J ].Sensors and Actua-
tors B-chemical ,2009,135(2) :499-505.

Wang H,Liu Z Z,Kim S, et al. Microfluidic acoustophoretic force
based low-concentration oil separation and detection from the envi-
ronment[ J].Lab on a Chip,2014,14(5) :947-956.

Olivier Peron, Emmanuel Rinnert, Michel Lehaitre, et al.Detection
of polycyclic aromatic hydrocarbon (PAH) compounds in artificial
sea-water using surface-enhanced Raman scattering ( SERS) [ J].
Talanta,2009,79(2) :199-204.

Jiang Xiaohong, Lai Yongchao, Yang Min, et al.Silver nanoparticle
aggregates on copper foil for reliable quantitative SERS analysis of
polycyclic hydrocarbons  with a  portable
spectrometer[ J].Analyst,2012,137(17) :3995-4000.

Jose Antonio Moreno Munoz, Nuria Crivillers , Marta Mastorrent. Car-

aromatic Raman

bon-rich monolayers on ITO as highly sensitive platforms for detec-
ting polycyclic aromatic hydrocarbons in water: The case of pyrene
[J].Chemistry: A European Journal ,2017,23(61) :15289-15293.
Lin Hailan, Chen Zhang,Lu Qingzhu,et al.A wireless and sensitive
sensing detection of polycyclic aromatic hydrocarbons using humic
acid-coated magnetic Fe; 04 nanoparticles as signal-amplifying tags
[J].Sensors and Actuators B ;Chemical ,2010,146(1) :154—-159.
Sun Zihong, Luo Zhigang,Gan Cuifen, et al.Electrochemical immu-
nosensor based on hydrophilic polydopamine-coated prussian blue-
mesoporous carbon for the rapid screening of 3-bromobiphenyl[ J].
Biosensors and Bioelectronics,2014,59.:99-105.

Liu Shaoqin, Zheng Zhaozhu, Li Xinyu. Advances in pesticide bio-
sensors ; Current status, challenges, and future perspectives[ J].An-
alytical and Bioanalytical Chemistry,2013,405(1) :63-90.
Medinasanchez Mariana, Carmen C Mayorgamartinez, Watanabe
Takeshi, et al.Microfluidic platform for environmental contaminants
sensing and degradation based on boron-doped diamond electrodes
[ J].Biosensors and Bioelectronics,2016,75:365-374.

Yildirim Nimet, Long Feng, Gao Ce, et al. Aptamer-based optical
biosensor for rapid and sensitive detection of 178-estradiol in water
samples[ J ]. Environmental Science & Technology,2012,46(6) :
3288-3294.

Mauriz Elba,Calle A, Juan J Manclus, et al.Optical immunosensor
for fast and sensitive detection of DDT and related compounds in
river water samples [ J ]. Biosensors and Bioelectronics, 2007, 22

(7):1410-1418.1



