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Environmental Behaviors and Ecotoxicology of the Emerging Contaminants

Polyhalogenated Carbazoles

LIN Kun-de'*, CHEN Yan-qiu', YUAN Dong-xing’

(1. College of Biology and Environmental Engineering, Zhejiang University of Technology, Hangzhou 310032, Chinaj 2. College of the
Environment and Ecology, Xiamen University, Xiamen 361102, China)

Abstract ; Polyhalogenated carbazoles (PHCs) , with a complex chemical structure similar to polychlorinated dibenzofurans, are a class
of emerging environmental organic contaminants. There are 135 congeners for PHCs with a pure halogenation. Most of PHCs are not
man-made products. Although PHCs in the environment were firstly discovered in the 1980s, these emerging halogenated compounds
were not seriously considered until recent years. Recently, more than 20 PHCs have been detected in sediment and soil samples. In
addition, studies have shown that PHCs exhibited dioxin-like toxicity and were persistent and bioaccumulative. Therefore, it is very
important to understand the distribution, origins and ecotoxicology of PHCs for a better assessment of their environmental risks. To
date, research on the environmental behaviors of PHCs is relatively limited and warrants further investigations. In this review, the
environmental distribution, source, analytical methods and toxicity of PHCs were summarized and future research needs were outlined.
Key words: polyhalogenated carbazoles; dioxins; emerging environmental organic contaminants; persistent organic pollutants;

persistent toxic substances
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Fig. 1 Chemical structures of frequently detected halogenated carbazoles in the environment

TR ZARERE S R R B R R A
FEFSI I AT SE R W, PHCs B FFAE , 26 g
BeFp AR Y BEER Y ML, T f# PHCs 36
Be oA . RUE A ZS FE BN 6 IE# AR X B b A
i P AUy B B

Sk — ol 3 L A SR B A LTS e 0, I P9 b X
PHCs HYWF5E i 4 T e A0 Bir B, AH G i 570
AT A T AR AR T 30 47 R A ¢ PHCs FREE1TH
(IBIFFE SCHR , X PHCs PREES0 0 | SRR . /AT ik
A S TR AT 258, 0 HoR ok B0 5% & J
Jr e T R,

1 PHCs B ES %

HHT, A 5 PHCs 7EIREE R A i 5 I8 AN,
A 5T 32 B4 TP S A DO AR | 3R R
A IRE 45 MR PHCs 17 T K FR S 46 30

B RS RIE. PHCs IPREE /370 45 T3 1.
L1 Y

DURYEARZ A LS G e ) & POPs 7E3R 35
ThILEs | AR E ST —. FREET PHCs
5 IR TUURRY) , B S AR 2 B AN TR
WA ALY TR Rk K BT PHCs. BE&E AR
s B R (GC-MS) 19 & e, Kl 2] 1Y
PHCs FhZEAI AL K HBOR 2 | i ih i AR
Mg R B A R e P B B T RS PHCs. 1984
4F , Kuehl 2500 95 HRAE 78 55 [ 2124 Buffalo River A
DURRA RIS T 1,36 ,8- DU IR A — i G
WL 1,3, 6, 8- G R IE B UK B2 L N 0.6 ~ 25
ng-g_l. AT AE e E () B AR b & 902 PAHs, #1&
SEBET,3,6,8- DGR BT % T H AR PAHS.
K H GC-MS dE H #5 ¥ 6 A . R ( non-target
screening ) , 2004 4F Kronimus I (| Lippe



1578 AN 5%

B

37 %

%1 PHCs ERERNHH

Table 1  Distribution of polyhalogenated carbazoles in the environment
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Fig. 2 Possible sources of polyhalogenated carbazoles in the environment
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1 ng-g~'. ¥TF Kuehl %) 193X —HF 5245 5, Parette
AU PHCs TTRESR A 5,57,7, 7 -D0 S i ekt
(A 7.

(2) JCHAEER G YR b A, 2 ,7- 1R
3,6-IRIRIRAN 3 6- R IR 2O R AW &
A R i A 1S e T A 1 D R TR ER
B rh B R A 1T RE R PHCs. A0, Lee 551 72
s Ping Chau 1 R Y 35 B TP AN 2 1 B3 3 A
PHCs, H AT TSI E BATIR IR, 28T 0 e i 1Y)
SRR RARGE T, WS AR N () PHCs A W] &
LSRR B R0

(3) EX AR B A A B R bt P H. A2
I A0 R R A W 5 A X SR R 2 A X 2R
B i R e g 7 A e R e o SRR
FIHE— 2D B AR AT A i 3-SA R 3 ,6- 50 mRmE. ]
1, %+ T Grigoriadou % FE75 i Kavala 57 Tl [X.
(10 9 2 30 v VA B 3-SR R 3, 6- G IR W
Parette %57 IA A AR T B A R T+ K LR R4 43 [ 11
A=y,

2.2 [

JAE LR AR AT LA B i R — SE BRBE 1Y)
PHCs it {H 2 1 Jo ik R BT A 1 & BE. il 36
[E Lake Michigan {17 AY 3,6- PR IRMEFI 55 —Fp —
TELR I S AL P TG TR VR 285 T e B e Rk A 7= Zha

20T AE 1900 AR W A AR IR UT AR 9 bl A T F)
1,3,6,8-PUiSLARIE, H 1860 ~ 1900 4 [H]FEARAE
1,3,6,8-VUyR AR B AR IFAE 20 ng-g ™' ; T
1900 4 Z Ak T Az 7 BRA R I s 5 HC i A4 5 )
AT BEMEAR N, ABAT TIA R A7 A 1,3 ,6, 8-DU TR IR
R EARTR. R, FE I — oK 32 75 Gt - s v
B rme 3 Fha QR R Lake Michigan W177T
B PRSI 3 (1 2 PR A PHCS' | #B TS A TR
efip e, XSG FELH | PR T EAF AR PHCs

SEBR b, HAR PR — 26 i PHCs 1Y 2E W) il
A . B4, MW E B Caldariomyces fumago 32
i St B AL Y ( chloroperoxidase, CPO) 5t HA
XFERRRRE J17 7). CPO J& Shaw 4517 F 1961 4F
ACTE AN 2 A LR Y 5 R 4 AL . CPO TE4:
Yotk A H,0, 555 S ALIAE il 732 44, (il
g3 R S AR R R M 2T IX ( ferriprotoporphyrin
IX) F MR Fe(IV) =0 Z5H 935 1R it , %305 1k
Yy J5t BB A S T BUR B T A s B (4n C1
FUBr ™) I 54 AL & A AR 2 BT
W, CPO HEAL AL 52N 7T BE 2 5 BR B8 P A HIL S
T (I S A i) | AR A R
FERAL. Mumbo %7 B IESE M €. fumago 2
HHY CPO fEMEAL H, 0, , SRR B 1SRRG S,
Az L PP GRS IRAR R, R SR 3 BB S I R A S
FRAAM T 58U, (52 A 9 B R & A% R
(TR Ak, 12, mRmsEY A IR TR M
JTRATAER H AR L, CPO A H,L 0, #/FAET
HEKIFS 5 EEMAIES. B CPO fiEfk )
Hh GEEAEAEHARY PHCs 2 ias 48, WA ffit—25

3 PHCs 5 h A%

H TR Ak 1Y PHCs FRifERE Sk dE# D, 35
FEdh PHCs #9238 75 125 H HI R DU AT S8 M R 558
IRFFEHGE. A B PHCs 08 ik 2 2S5 H
fth A5 HLT5 Yt POPs Hl PAHs T #5721, FE
rn PRAL T TH 2011 4F Z FT B 9E 22 2R TR IR AL
VRIEATAEES O80T JLAR BB 5T W) 5 22 SR i i
W R A B 3% ( accelerated extraction
ASE) %100 PHCs £ i 1 ¥ A0 A RE BEAT J2 BT i
AR AT R A AR B AR 10 LR AT
J7 I, % Pena-Abaurrea %' fifi i GC x GC-TOF

solvent
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MS, HAb B 5% JLF- #5543 9 sl A% 43 B Y GC-
MS[5~10, 12, 14] .

2% 3 [ 5 08 B bR J7 75 (US EPA Method
3545A) % Guo % HESE T H AT M IE AN Hed o
VTR PHCs WA B BT J5 vk, Fo o ik R 2i
YERARUNT  DURRE i JE R VR T4 L 8 o FF S 0
AW 4'-5-2,3",4,6-VUIREE KK ( F-BDE69 ) fa
FERRA, FHIEC bt/ IR AW (1: 1, RFRLL) if 47
ASE FEH, ZEBURAE 100°C N 5 min, A 10
min, 7§ FF 3 UC; B 2% O VR 4 5 0 28 38 I e A v
b, A A B AR 1 ¢ To7K Na, S0, | 16 ¢
AL 4 g TEIRAI4 g Na, SO, , RV 100 mL 1EC
ot . 400 mL 1E O bt/ AL (4: 1, FRFLLE) #1100
mL 2 Z G P BEHE TR, 55 2 E OB BRI, WA
Je WA SR I, DR MGV 46 O 22 45 & 200 L, Jin
AWFRY) IR (BB209 ) B £ 4T GC-ECNI-MS &
M. %7 IR PHCs ARvERE S R 3,6-—
TRARWEFN 1,3 ,6,8-PU AR JTERR PR i v i H Al
b AR I L5 356 P A A O B ERE B A 30 1) S 0 3647
BT 3,6-IRIRMEFT1,3,6,8-PUTR R Y
SRR R (S/N =3) 4351120 2. 3 pg F10. 6 pg, I
AN[RLERAE S DL A 5 b 2 XY F-BDE69 |-
PR (121 £15) % F1(80 +11) %

4 PHCs NAESSHEYMN

PHCs AUAESEH 5 PCDFs A, 1815 2
Jii b5 PCDFs #HIT, HA 28 9 53 Y5, Mumbo
SEUO LI 3-GnRE | 3,6- T RIR A 3, 6- IR IR
X BRI 20 M £5, 25 ( CYPLAL ) A5 B8 1 175 S 16 .
Riddell 45 3% F N A S 92 20 il ( MDA-MB-468 )

CYP1A1 1 CYP1BI £ mRNA #ik J2 H: EROD [
BN, AT T 11 RS R UL PHCs A9 28
WM (R 2). WAL 2,3,7,8-TCDD FEXT
T8, I 2,3,7,8-TCDD BYFHXT #44: ( REP) i it
PHCs RY#EE. 25523601, %F CYPLIAL 1 CYPIBI f)3
HFEIAHFVEH ,2,3,6,7-PU5A MM FIT,3,6,8-1
S/ RARHRIR AR H HAY 8 Bl PHCs 58, 1-78-3,6- &
MRIBFN 3,6- SR LY 3-JR AR | 3Gk | 3,6-—
TRARIRAN 2 7- YRR SRR s IO AR ] )
SARHRIE LA R R 75, 1,3,6,8-PU R fRRR
MWEXF CYPIAL F1 CYPIBL Ay REP & Fl 4 % &
0. 000 31 ~0. 000 66 F10. 009 7 ~ 0. 005 8, 3X L&l 25
RG R R TEFs ) 85 19 5 548 PCDFs | 5
SR i i — 2 2 SR ) REP {H AH 4.
2,3,6,7-VU% Mk i) REP 4 0.000 1 ~ 0.0032, T
2,3,7,8-TCDF ] REP =~0. 1, 2 IHF 425 1 0 %% NH
g AW ST RTA ] 2 (A st 7 3

PHCs [a] B 1 & — 28 B A W 7 £ At
(persistent ) | =¥ RFLE ( bioaccumulative ) F1%E P4
(toxic) W BT (PBT ¥ 57 ) . AR 408 36 [ 26 55 O 4 2
(EPA) X} PBT ¥R A IEAb Ao Ak A e -4
BT 60 d Fom HA h &R AE, R T 180
d WFR BAGERAE; AV ERE(BCF) =
1 000527~ BAT &A= ) RARME , BCF =5 000 %7~ H
1 BE A B 5 WK AR AR ) 1) i R TS i v
(NOEC)E 0. 1 ~10 mg- L~ Z[i] F /5 BA Hh 45481
BPE, ANT 0.1 mg-L7" FR B A 18 M
Mumbo %5 3@ 11t PBT Profiler F5 U ft 5. 1 s £l 8
Fl PHCs BYEIEPER (2 3) , IFLASEE EPA Y PBT
Yy BTAE PR EPE M X LA S W B A e, G R R

F2 ®NRPHCs AT HE"
Table 2 Estimated relative effect potencies for the frequently detected polyhalogenated carbazoles

ey ECSOU/ nmol - L. 7! X RN

CYP1Al CYP1BI CYP1AIL CYP1BI
2,3,7,8-TCDD 0. 046° 0.29 1.0x107° 1.0
3-RHR 2500 1100 1.8x10°° 2.6x107*
2, 7-Z IR ARmE 3000 2300 1.3x1073 1.3 x10°*
3,6- VR IR 2700 2000 1.7x1073 1.5x1074
1,3,6- =Rk 490° 340° 9.0x1073 8.5x107*
1,3,6,8-PU R A 150° 30° 3.1x107°* 9.7x1073
RE IS 1700 / 2.7x1073 /
3,6- G R 410 / 1.1x107* /
1,3,6,8-PUsE s 70 50¢ 6.6 x10°* 5.8x1073
2,3,6,7-PUsinRmg 450 90* 1.Ox10°* 3.2x1073
1-1R-3,6- G 740 870 6.0x107° 3.3x1074
1,8-JR-3,6- "G MM 140 30° 3.2x10°% 9.7 x1073

1) a B(E 2 W R AT 19, Hoflh EC5o fE LAE T Spearman-Karber 77 B2 532
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Table 3 Physiochemical properties of the frequently detected polyhalogenated carbazoles
1,3,6,8-PUg 360 2900 0.014 140 000 5.81 0.0080
1,3,6- =G nRme 120 1300 0.039 7700 5.45 0.0205
3,6- A e 120 490 0.12 2100 4.97 0.0580
3G nRmE 75 180 0.36 1300 4.34 0.2658
1,3,6,8-PUinkme 360 15000 0. 003 5700 6.47 0.0121
1,3,6-=1Rnkmg 120 4000 0.014 3500 6.01 0.0207
3,6- TR 120 940 0.072 24000 5.34 0.0419
3-TR I 75 270 0.28 1300 4.55 0.2000
R 75 69 1.1 830 3. 69 1.7110

1) Rt | AW 22 R E(BCF) | NOEC AL Mt R4 K i3 PBT Profiler BERITIIN , 1E =R -7K 73 BE R AL K, /K P& B34 Online

Chemical Modeling Environment ( OCHEM ) £ 4 224 53

HH,1,3,6,8-DUGIHMEAN 1,3,6,8-PU PR mRERE A 1
s, HAY 7 ML AW REAME A 1,3,6,8-PU7R IR
WA ) BRI 1,3 ,6,8-PUGHRME | 1,3 ,6-=4
RN 1,3 ,6- =R g A ) SRR A5 HiAr 5 R
A& A BRSS9 1,3, 6, 8-DU &1 Hmk
1,3,6-=FMme 1,3,6,8-PUBIRIE  1,3,6-=IR0k
M 3,6- IR RIS Y 7K A AR e M T PR, LAY 4
b &K A A Y e e % AT 0L PHCs 5
PCDFs 2581,1,3,6,8 i B 4L & A KK
RV EEYE. 53 Ah, R AR 0 50 S B 3-SRk A
3,6- " JRIRIEAE 450 d PN R AR DL BH G B A, e B
A I A g A

5 RE

IR FHFE PHCs MRS o0 A | SRIE AR
B PRV 7 ST — S I QPE (5T T AR, (H A
FARZ TAETT LT 8 L fin 4 i AR b T i 2
GRS AE S S, &1 X PHCs AYEEAT IF 58 2R
AR LR 4 S5 PR A iR B I 5 o8

(1) PHCs FrAEAE i 00 ] & « bR AEAE 00 i 2 J2
il 25 PHCs PRI 1Y — A S L0, th vl g 2
FOX B TG Y id R BT ) 2 WA A E SR A
Z—. BT A DHILA (I 3-TRMRmE 3 ,6- IR
WA 1,3,6,8-PUEIRIKAE) PHCs (1945 HERE i AT MK
A A 15, HA K Z %0 PHCs i JCHR MERE .

(2)PHCs B9 PR 55 FE & 10040 B AL AR 70 B 7 1
(ST A A FE 0T PR BEAE i i PHCs A 19 4 31 R
A b2 B K M LTS 4 9 40 POPs, PAHSs
PBDEs Fl Mg i kb # )7 7%, {H 2 PHCs 5275
PRSI A — 8 1Y 25 57 i 2853 AT 7
BARNGE 4 TE . Pena-Abaurrea 251" 5 H A5 #8677

VERY VAL R AE (AR TR ) TT RE M L 4L PHCs #5128 K

K, 1R PHCs 19 RICRAR T . PHCs 94X AR 43

Br 2/ GC-MS, Fedif-R 4 GC x GC-TOF MS

SR PR LASE O ar BRI A NME . 4

Jr iR ST IR AR (K HIETURY) . AR

i) W PHCs B934T 5 s o3 A J5 2 A R 1 o

HORIE S PR, DA AN ] S5 56 2 4G 0 A5 1

AIEEPEFNA] k.

(3) PHCs WU BB W) Mk b 22 i 78 3R W
PHCs TEKIK . H3/UURRW) . AR TR R EREE h
(5% B8 5 o3 A APAE  JB W BR S vh PHCs 1975 G R
B PHCs fERREE P IIERS | S AL A,

(4)PHCs HY 058 A= 28 XU VA . LA 1Y PHCs
A SRR AN B 22 SR 38 R B A AR ALY, SEBR A AR
SR N AE ) 85 LA 2. BT 2 TP PHCs
M) 2R | R AR BEIE SR IALE . Ny
WA HLRRONE | B | Bk BORARSAEM. S35, H
AR PHCs RE il i B EEZIB BIAZE, A
A 73 i ARG B IXURS: J7 T B IS 5 1 R T
SE k.
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