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ke BB Z 2R 55 12 (Alkyl Polycyclic Aromatic Hydrocarbons, Alkyl PAHs) 1F
NI PAHs BB EH SR, BN R, FREZ, H5EE3F PAHs
(Parent Polycyclic Aromatic Hydrocarbons, Parent PAHs) &1 F 2% 7 % CLiF
BB RS . IR, 23 T BE T SR BRIAEE R 300 fe 2L B PAHS
VA BERIFEI . AR T E e MBS FHERR COERIC, D& ISl
IR . AfudEds (SOD. CAT ¥ /1 & MDA 7KF) BANZ IS 1 BEF PAHS
e B PAHs BEPERAN ZE 7 o IR, 9RO T AR IR R 20 e S AR PAHS
INEEAT NIIEENR, OGS PP R] 73 57  (Laser-Induced Nanosecond Time
Resolved Fluorescence, LITRF) 54t 45 & 5 6 KL T8 AE IR (Humic Acid, HA)
SRt IR PAHs K B3R PAHs AHEL/EF,  IF DR 7 HA X B U PAHS 4=
YA BRI . BARTE S AE R
(DI AR PR B 3E(Phenanthrene, Phe) . 3-F 23k (3-methyl Phenanthrene,
3-MP)Fll 9- 2.3 3k (9-ethyl Phenanthrene, 9-EP) X2 75 il £ ( Oryzias melastigma)
JR i 259 AT — T A SO RANE T A [ 5 1 R G B A T R A AL R 5%, 3-MIP
9-EP {EK A IR b i B MR AR 0o KD BE R KT MHECT 3-MPL 9-EP,
Phe X & ik 32- Bl K ER (Sinus Venosus-Bulbus arteriosus, SV-BA) fiii K 3w 34K,
FE I PAHS 1] 25 52 i 75 B R i O IE D RE . SOD #1 CAT Wi Fh g
Y= PAHs ZFE X BEILEH FEMGIES. LRERRNE 5 RERE, &
PAHs 4bFE4H MDA /K52 & TXHIRAL . 24 3-MP Rl 9-EP Rk N 3.010°
mol L™ i, MDA KIS i i, 43 5 bt R B Phe AbFEZH 129.8%. 144.4%,
11 KiEf, 3-MP #1 9-EP SR BEEALHELH MDA /K35 83 & X4 . Phe 4b3H4H,
3-MP S FHHE N 3.0<10° mol L™, MDA /K FiASI R, J M. Phe &b
7H 115.5%.
(2) PL LITRF REG4E5G 5 KK NI ST HA 73l 5 Phe. 9-EP R Hi
(Retene, Ret) M EAEH. FIF Freundlich dF£k 12575 W B A B 454 Phe. 9-EP
Ml Ret 5 HA 56 H-E, LITRF K% 5L G0 GESAF R & S 80U
SEFRM 8. K, Z2Hn/T 1, EKH Phe. 9-EP & Ret 5 HA B LLIEL 1t
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g s, HMAESE PHERET, HA 5 9-EP fil Ret #5454 28 Koc KT
Phe, T 9-EP 1 Ret &84 REJUAHIE, HIBBEL @ ik BERG IO Ak o Bk HUAR
BT 5 HA B K 28 [l 3 B AE Uk B4 2 PAHS 5 HA 5 &0 567 fr i 45
REW, HA f77ET Phe. 9-EP 1 Ret Z#ir7) 7|7y 36.90. 35.34 #135.13ns, 5
KA HA B[] 36.36. 35.34 Al 35.84 ns TLHI R %5, M Phe. 9-EP fl Ret 5
HA 8] )56 K DL S i A A 3

(3) LAPEH ARG PAHS &4 & K MDA /KNS, W5 T
HA X EEFR PAHs B bt AR PAHS AW)A B ERs2m . THE R, HA nl 23
BEAICUIE B AS PAHS I B2k T ARG A ) e S RN 3 14 S8 o Sl A A 8 A 2R 4
S kngs 44 Phey 3MP K 9-EP XA EEMTEAE o B HA
15.0021.69%~14.0441.27% . 17.1742.36%~16.3432.22% . 24.3242.71%~19.20%
1.65%, HXI#EHMEMN M TERE B 0 13.4141.28%~11.9442.16% .
12.3342.74%~10.6143.20%. 10.36242.23%~8.93+1.73%. X ¥ T HA ] PAHs
WA, L Blo B/NT 1, RIALEEHS PAHs X TR & SRR DTRRZE B i
b4, Bla 5 logKow [IAHDGIE ST 45 R HA-PAHs S& I AEYA ZttS
PAHs AL J& P w5 A0 ¢

(4) K [F5 98 e kvl 45 5 N A2 2% (Artificial Neural Network, ANN)
Sz EE A E R JH (Support Vector Regression, SVR) R %} 5¢ ' i 5 & ) Phe
f1 2-2.FE3E (2-Ethyl Phenanthrene, 2-EP) HEAT [FIRIIE . @i = 4E[F)2D 5% ik
454 PATIN T (Parallel Factor, PARAFAC) 7341 5-75 Phe Al 2-EP 45 4E K2 A
118 nm, £ 220-280 nm JEE P, DL 31 AR A % 5 FEAEAE AR A (1 4 N RFAIE
A g, @57 ANN FISVR BEAY, SEA 17 MINZRFEASK TR 3 A5 N T 4 b
ASH Phe 1 2-EP 3% . SEI6 45 B R, ANN BLAL 4T Phe A1 2-EP Fi A AR []
RS5O 92.47%~104.90%F1 96.14%~104.29%; SVR HEH S 4 Fi AL A [8] i
HKO5 N 98.19%~101.27%, 94.87%~104.18%. X} ANN Fl SVR # 7Y : fE#E 47 EL
B, R SVR AU ANN BB TG 25 T4, SVR 8L H T SERBR KA FE 1l
E, RSB E AR .
KW 2R, RERRZAG G, A, Atk g,
e R
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Abstract

Alkyl polycyclic Aromatic Hydrocarbons (Alkyl PAHS), an important component
of PAHSs in the environment, has gradually became the research focus for its variety,
high toxicity and unique toxic mechanism. However, most toxicology studies ignored
the effects of realistic environmental factors on the bioavailability of Alkyl PAHs. The
study first discussed the toxicity differences of parent PAHs and alkyl PAHs in marine
medaka (Oryzias melastigma) at two different levels: morphology level (heat
stretching/rate, hatching rate/time) and biochemical level (vitality of SOD, CAT and
level of MDA). Then, for further studying the effect of environmental factors on the
environmental behavior of alkyl PAHSs, the study used Laser induced nanoseconds
time-resolved fluorescence (LITRF) to detect the interactions of phenanthrene (Phe),
alkyl phenanthrenes (Alkyl Phes) and humic acid (HA). Lastly, the study reviewed the
influence of HA on the bioaccumulation of the three PAHs and the levels of methane
dicarboxylic aldehyde (MDA) with the presence of HA, in hope of laying theoretical
foundations for research on toxicity and bioavailability to PAHs. The results are as
followed:

(1) The morphology data of marine medaka showed that Phe, 3-methyl
phenanthrene (3-MP) and 9-ethyl phenanthrene (9-EP) all had teratogenicity on the
embryo and could influece the mortality rate and hatching rate of embryo to different
extends. Compared with 3-MP and 9-EP, Phe had a low elongating effect on sinus
venosus to bulbus arteriosus (SV-BA), which indicated that alkyl PAHs could
significantly influence the cardiac development of medaka embryos. The activity of
SOD and CAT showed the tendency of first inducing and then inhibiting when
exposed to PAHs. Furthermore, for 5 d exposure, the level of MDA in every PAHs
treatment group was significantly higher than that of control group. The concentration
of MDA reached its highest level at 3.0<10° mol L™ PAHs exposure groups, and
MDA levels of 3-MP and 9-EP treatment groups were equal to 129.8% and 144.4% of

that of Phe. After 11 d exposuring, the MDA level of all alkyl PAHs treatment groups,
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excepting the highest exposure group of 9-EP in which all embryos were died, was
significantly higher than that of Phe. And the MDA level reached the highest level at
3.0x10® mol L™ 3-MP exposure groups, which was correspond to 115.5% of that of
Phe.

(2) Investigation of the interactions between parent PAHs and alkyl PAHSs,
exemplified by Phe, 9-EP, retene (Ret), and HA was applied using LITRF. The
binding characteristics of the dissolved HA and Phe, 9-EP and Ret were described by
Freundlich nonlinear isothermal model. The results of the model parameters and the
single point binding coefficients Koc of Phe, 9-EP and Ret with HA via LITRF
quenching method were consistent with those of the conventional fluorescence
quenching method. The value of parameter n was less than 1, which showed the
nonlinear bindings of Phe, 9-EP and Ret to HA, and the degree of nonlinearity of Phe
was lower than 9-EP and Ret. At the same given equilibrium concentration, Koc-the
single point binding parameter of HA with 9-EP and Ret each, outnumbered Phe,
while the binding ability of 9-EP and Ret were similar, and the binding affinity of the
three PAHs with HA all decreased with the increase of equilibrium concentration.The
binding characteristics of PAHs with HA largely depended on the their hydrophobicity,
substituent groups and their ability to fit into hydrophobic cavities in HA.
Fluorescence lifetime analysis showed the lifetimes of Phe, 9-EP and Ret in the
presence of HA were 36.90, 35.34 and 35.13 ns. There was no big difference with the
value of 36.36, 35.34 and 35.84 ns without HA, which indicated the quenching
mechanism between HA with Phe, 9-EP and Ret each was primarily static quenching.

(3) This paper taken marine medaka embryos as the model, and the
bioaccumulation of PAHs along with MDA levels as the effect target and discusses
the influences of HA onto the bioavailability of parent PAHs and alkyl PAHs. Study
showed HA could largely decrease free PAHs concentration and further reduce the
bioavailability and toxic effect of PAHs. It could be concluded from fitting of
bioavailability model that the contribution rates of HA-bound Phe, 3-MP and 9-EP to
bioaccumulation (o) were 15.0041.69%~14.04+1.27%, 17.1742.36%~16.3442.22%,
24.3242.71%~19.20+1.65%, and their contribution rates to toxicity (B) were

v
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13.41+1.28%~11.9442.16%, 12.33%2.74~ 10.6143.20%, 10.3642.23%~8.93+1.73%.
To all PAHSs treatment groups with HA, the B/a value were less than 1, indicating that
HA-bound PAHs contributed more to bioaccumulation. In addition, the correlation
analysis between B/a and logKow showed that the bioaccumulation of HA-bound
PAHSs was hugely correlated with physical and chemical characters of PAHSs.

(4) This study combined synchronous fluorescence spectroscopy with artificial
neural network (ANN) and support vector regression (SVR) to determine the contents
of Phe and 2-Ethyl phenanthrene (2-EP) which fluorescence spectra were overlapped
in a binding system at the same time. It could be found that the characteristic
wavelength deviation was 118 nm through three dimensional synchronous
fluorescence spectroscopy combined with parallel factors analysis. Within the limits
between 220~280 nm, experiment taked the fluorescence intensity of 31 different
wavelength point as the input characteristic vector of the model and built ANN and
SVR model to pre-evaluate the concentration of Phe and 2-EP in 3 synthetic samples
to be tested using 17 training samples.Result showed that the recovery rates of these
samples were 92.47%~104.90% and 96.14%~104.29% respectively based on the
analysis of Phe and 2-EP with ANN model, while the recovery rates were
98.19%~101.27% and 94.87%~104.18% with SVR model analysis. Contrast between
ANN and SVR model performance showed that SVR model’s performance of
predicting excels. Also the application of SVR model into real water gained a
satifactory result.

Keywords: Polycyclic Aromatic Hydrocarbons; Alkyl Polycyclic Aromatic

Hydrocarbons; Oxidative Stress; Bioavailability; Marine medaka; Humic Acid
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