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Degradation of Multi-Components Polycyclic Aromatic Hydrocarbons
in Oyster by Photodynamic Technology

LU Na, YANG Ruili, WANG Zhiguang, ZHANG Hui, ZHOU Sainan, XUE Changhu, TANG Qingjuan”
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Abstract: Objective: Finding an efficient, economic, safe and reliable method for degradation of organic pollutants in food.
Methods: By comparing the effects of three photosensitizers (curcumin, riboflavin and hypericin) on the appearance quality
of oyster meat and the degradation effect of photodynamic technology (PDT) on polycyclic aromatic hydrocarbons (PAHs)
in aqueous solution, the process conditions were optimized, and the degradation effect of photodynamic on PAHs in oysters
was explored under the optimal conditions. Results: When the concentration of photosensitizer was 10 umol/L, the
accumulation was up to 89.68%~92.22%, and the color of oyster meat was normal milky white without any change.
However, when the concentration was 20 pmol/L, the accumulation was only 71.90%~78.62%, and the color of oyster meat
changed significantly from white to yellow. Compared with riboflavin and hypericin, the degradation effect of curcumin-
mediated photodynamic on PAHs was the best, and the degradation rate was up to 91.08% under 15 min illumination.
Therefore, the optimal conditions were determined as follows: The photosensitizer was curcumin, the concentration was
10 pmol/L, and the illumination time was 15 min. Compared with the blank control group, the degradation rate of PAHs in
oysters in the PDT group reached 21.92%~88.46% under the optimal conditions. Conclusion: PDT could effectively
degrade polycyclic aromatic hydrocarbons (PAHs) in oysters. This technology would be a feasible method for the
degradation of residual PAHs in aquatic products and would have a broad application prospect.
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R Tl s e Jie, BRI T G () U iR iR 5 | e A
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54 (Polycyclic Aromatic Hydrocarbons, PAHs ) J&
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PRLIEE X 22 248 D e ) 2 3 30 e s vy 1 HA T
mhe T H, WA S A CIHRCRAIR, S o5 IR S,
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S DE SR IREE LY/ U2y e s IR i 7/ N
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AT T MERRE AR AT BT e BT R AT 53
ORI, SCREfRAE e b 2 05 ik bt —Fh
BLEAR T AZ )12 AR, TG HLTS A L2
R PR SRR (HR TR RIEOR
Jr SR, SR HE G A PTG B A B AR A RE
T R B SR R Y 2 A IR LK, TR 75 1 &
RE AT LA EIHT S T a LS e R
%o 68 118 AR (photodynamic technology, PDT) &

B CRGRITEREE G A B s AR E Y
WP o, FE T RIS A A i — A ERR O AR T
FARW, Szl AR SR B AUz N i —F
125, FZEH T M S T BE LA SRS RE AT R R gt
PRIRIVRYTI . T HOKR R S iE A A H
FHE . OGREEEAA OC, BEIHEMD'G3) J1 4B S, AT REXT
K= AR B M 2 IR 5 A — R ER . 5
GG AP I T L, S6Bh IR BA faifE
R MTASAR R . JCRERI P . AT R E PR SR A0 A,
HAT TR R T IHoR, SeenFt
PRI M C Gl AR KRR B esh Ikt
BRI R Az RO, ST R —
s rpr R 2 5 B KA ) PR B an 22 i = U7 G240k
RS AL R A R P SRR EAA B r DG
Wi, Hor, 2R (curcumin) S-S AGSGEI SR K

S 420~480 nm YR HAT AR AR, &
221k 2= (hypericin)7E 550 1 590 nm AbAT Fe AL
W, (AAESGEl A B vh— e P EH 2R AT B v 2
BEJIAY 590 nm BWOGUE THRGPY . A% 3K (riboflavin)
TERE CLA RS NGB T AT A RIS Z Ao >
X =R ICEERGAER A T 5 SRIETZ L A
(R, HAR B Sh ATt A — s IFZE N A28

AHFFEIE I = AP ICRECHON (R L R
S PEER), IRTGBN ST XK W T 2 AT B it
ORI T 5 Tk, FE S FiE—25
RGENB) TR G T Z R ST MR E R, ARG
Bl S ARAE R A a0 TR PR SRR
1 MRS5EE®
1.1 M5

EEREAE T R AT, R AR NS,
PSS 120~150 g, TEARIR S Fig [l S 5
PATE IR G ELEc sy 28R WAL R AR A
BROS T BZwe 3 | S 22phER PHLAE R E YR
BNl Z IR 5 SRS IR (B 16 Fh 20588, it
HeE 200 pg/mL)  dbE 5 E AR THARFEBE;
BHOEE(LERE 95%)  Brrhm A Talk /KA EEf T
AHBRANF] WKE  JMMRIRAEY TRARAF]; 4

(ks ECke(fmigal) S Fisher 2\ H ™
iy LRI HE OB, WA 20 mmol/L;
NG 2RI 530 B SRS, HeBEY)
A 20 mmol/L, BLFIFELA .

JL-420-590 £ HE LED YGRSl
FATBRAAE]; £7000 200G HArAH]; Agi-
lent 6890 ARG IE-TTHFAL & EZHAE L F]; MD-
200-1 T EA WAL WiVLFEIEAN RS A BRA 7
Anke GRS HRE OV LIRS
1.2 X%

1.2.1 b s S5 GAsen Xo 47 PR & MU B A )
1.2.1.1 4hWGored AR PEAART NI S (F 1%
a FH W K Peidr 2 N2, ZTE AN TG /K (3R 3.3%) %8
% 24 h, (IR VDTS, KR RIS 145 53
Shas X BRA (TG R, JOGRIGR)) Aol sh A FiZH
CAYGRE, AEGR) . Hoboaah Sy abFer i) — Rt
FI(EWE | I E | 2R BN TR
% 5. 10 A1 20 pmol/L. HF£H 10 H4tW5, %F 820 41
L7 N 759 N RIS v A EAE L A . v I = v e )| | Z N
W EESCHGAI N T K, & 4E 3 h, Horp DUK T
EboA 1050 BRUEZK AL 405, I A e ikt &
g DLBE X FR B iGN R, EET
SCHRBGR A A SRS OB S50 NP, 2203 | A
BN LR R BOR AL 535120 420 420 Fi1 590 nm,
Sy ANTEST R PG T YERE 15 min.
1.2.1.2 4l e A2 GRS 7K A4 B i PR B2 A8 b
e H5L /> 8 35 /KA HR B RS, RS ERGR E Tp Ac
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W ZEW) B B AR S A5 P B B AT AR .
A 7R AT S PRI SO RS R A, AR = 2R AT
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FRR R0, AT
x| = A = D()_ D|
sz = 227D 160 (1
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K OD,, Sl & A2 R /KA (B (28 ER
PSRy 425 nm, B8 2R IR A 444 nm,
L 2B I KR 589 nm); OD, WA= 455
TRAR U S ; my, SR 4 5 42 AT 7K A4 SR ReR i ot
B my SR E SRS KA TP GRG0 BT i n gt
A
1.2.2 SGB IR KSR h Z 57 R R RSO R
1.2.2.1 AroERhZenytilfE W 0.5 mL M0 bt
W, FHZIEE A4S 100 mL, BRI EE A 1 pg/mL
HIZ IR IFIRAE G WL, T T—18 C T AT 33 H
0.10, 0.50. 1.0, 2.0, 5.0, 10.0 mL £ FF 2550,
FHZ G EZAF] 100 mL, 48 FREWE R 1. 5. 10,
20. 50, 100 ng/mL FYREEFE B

A0 B R 1L A G RE T e
SREE, BOA KN 286 nm, K BN 430 nm. LA
AR BE R R 1) BT B B S R AR . ADOGER BE A
AR, 2 ZZ D5 SR bR UE I 2k
1.2.2.2 RAFREW I E W HZE 3R 55 SR Al A5 W
50 mL, JHHBZE/KEZRZE 1000 mL, 153 i e 5E N
50 ng/mL MR, Wl s W SO G RR AT 25 40
BEATAGIN . 3 2 I 22T 3R | e R M4 24
WRE R, HACRGRA A A 10 pmol/L. 43 HIAE
Xof N PR GUR R YGRE 1.5, 10, 15, 20, 30 min, A0
BN T 2 T S A B i, I e B e
FR ARG REBSTE] o

PR AR IR FH 2 5643 Y6 G BE THIEA ARG I, ]
FSAHIN FIZE 08 5, ARPEbRvE ph 245 2R AR
TR EREE . B RESRIEET 3 AT
1.2.3  Sash Xt ifidA iy 22 3555 Ja (R R fid sl
1.2.3.1 4HWnke Sl g Aotsh Jab ¥ KT
WA S A7 P 35 7K e, PRade AR N &) (g fef i
WEFE N TR (ERE 3.3%) 8 3% 1 do $HUiE 58,
Gy Ry AR BEREA DG TI A FRLH, 5208 K bl
i 10.0 mL 1 pg/mL W5 MG UL, Fohoaslh 71
LAY ZEUREE A 10 pmol/L, 44340 20 M4ty
FANTHE/KPEFE 3 h, o DK b 1:5. %
St 3 J7 Ab B LE 415 e SA RS G 5 S, SR
420 nm LED ¥YGREST 15 min OGHERZEEE 54 J/em?),
AT IS BB

1.2.3.2 4HuGEEM M E =88 GB 5009.265-2016

CEM A EZARE B Th Z3 57 ) i<
FEGE- BTG . A RIFRECES (3 FEsh ) A B 4
M 5.0 g THEBE.0AE a b, ks + 5.0 g, BESI)S
A IECEE 10 mL, Fu439R%, 40 °C /KiEHE 0.5 h
B0, B IS BB S B0 b by B a b
B R ZFR P 10 mL 1F © ke 52 2, & IR
PEEOR, AWK EIE T . HL 4 mL ZJEMAELAE b
F, IR EYRTS 30 s, FAILA 100 mg PSA . 900 mg fi
FREEFT 100 mg C, g IRl 1RG5 5.0, RE EVERZE
BYENES A ¢ P, B4R b B R ZE5RE 2 mL
FEAE PRI, GIFMRERBOR, AT O E R Z
1 mL, & 0.22 pm FHFLIERE (A HLAEED) , AR EFF
M

GC-MS FEFE 251 354 : HP-5 MS(30 mx
0.25 mm, 0.25 pm) . FHERRT: FIURIREE 90 C, LA
20 °C/min JHEZ 220 °C, #L 5 °C/min THEZE 320 C,
{543 2 min; S 1.0 mL/min; (3% 5 i%42 15
JE: 280 °C; B TYRIREE: 230 °C; M. 25070 BI; AL 5
BE: 70 eV; FFHTELHE: 50~450 amu; 52 J7 = B8
B Wy 2 R DT = AR RE, 2.0 min JETF
s FEARERD: 1.0 pl; B5AILER: 3 min,

Z IR RS R B A T [R] 1.2.2.1, Ke B
FREAE IR FERE A N INAS 25 F W AR, AT i
WP AL bR . LA B A AL bR, 2 hilbRifE 2 .
TEAREIZRAE T A AR A ) 7 e T A, X EbA
HE M ZRAS B4 PP Z IR 55 K8 00 o e vk B2, Fg- A8 i i
A7 3 1 FATS
1.3 HIEAIE

SEI YR LA (Mean+SD) 7%, % ] SPSS18.0
GEi KA BRI 2R 7 2593 HT (ANOV A ) Ho i 2540, LA
P<0.05 FRZEFAGTFE L. YEEERH GraphPad
Prism8.0 {4,

2 HBRESH

2.1 GRS S R AV EZ N

2.1.1 EEFBEFESLWF RSN R EE
S KA B A5 B AR TN & 1 s, Al RAER
B rph S AU ARSI (2 18 AT & 2 BH AR Ak, DR FE
FHUFRT SR R Il A T O A SRR TR, A
XY AN . T E4ESS 5 F1 10 pmol/L
S TN ZE R R O AW 584, KIRAE W, (R
20 pmol/L KM A IRIR 00 B (0, LI 2422 i 2Rk J
S5 i1 10 pmol/L B, ZK A4 H 118 22 38 28 JE AR SR A 7
4%, T 24 BESE 25 5] 20 pmol/L B, B T7E— & i
B TRT P, At 1 U B T s RIS, DRI e /R A b A el 4%
LR, AR AR E A

1D FIE K LE ' RE RS 45 44005 4 69 25
A b, AT, 22 EABE S 5 1 10 pmol/L
Ak, A PR B0 55 45 P % BEZHLAH EL 78 I 4 25 531,
1M 20 pmol/L ZHERta.RH ol A %, U B 2588 W =
AsF Xt R B A SO A A RS, 33X 5 2 RiTAS R
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Fig.1 Color changes of water and oyster meat before and after
bio-accumulation of curcumin
TE: L-S-: 28 FOM IR AL A5 AR A2 AL ADG3h Iy 21 (28
FW S H1R 5. 10 A1 20 pmol/L) 7K 1A 4 i £ 5 B.AY 3 45
3 hJE KRB ; CALWE & 3 hJa KR89 B 6 2 1L
DG IR AT 4L W5 A B €0 4% £k 5 Bl US4 5 P 36 A8 1L

P 2~14 3 [l

AR FE 45 53,

MR A0 B AL RIS ZKAR I S CAETE 425 nm AL 11
Ak, SRAS AR A v e AR AN Rk B 22 B R Y T
ZEH SR 1 PR, MEEERUIE N S A 10 umol/L
A, B AT 90 i 15 98.98% Fll 91.96%. TN 24k &
> 20 umol/L B, lHFE—Z B a] PN b0 & 1 TR
R, RN 78.62%, IEIAZEE R R EHEE4E.
AP At E R SR EA 10 g, D) 10 pmol/L 't
AP R R EINEN 0.152 mg/g 4HWRA,
2.1.2 EAEZEFIWERE IS ARG E AR
)9 B A 5 22 T A4 B s PR (0 B e A8 Ak an 1] 2 T
IRo 5 IRFEW RIS, W] DOS S e RS
KRB AT KA AR A, DB B A AN 2
BfRAZ IR . AR AT 5 Al 10 pmol/L B, 4+
WiE 4 3 h Ja /KRG B, Ul B SR KR T i i
RO IR P B AR . A B R R B R F
20 pumol/L B, & HE 5 K AR €8, 5 25 it REZH A L &
HE, LRI P A B BRI F Ay . e R A
AR DL & B, ARk BEAZ 2R (5 1 10 pmol/L) 114

Sl PR B, 5 4 P AT B ZEURE BT S 25 2 01, T v
HeBEZH (20 pumol/L) 1 P B €2, ] i 2 2, Ui A
FUEE T 20 pmol/L Bsf2xfi i A & A P AR AT I,
FIAEAk, BN A LS 5

P2 AR AR KA A A A
Fig.2 Color changes of water and oyster meat before and after
bio-accumulation of riboflavin

MRS & AL RS AKARI O GIEAE 444 nm Ab Y
ARAk, SRAS A ARG e SRS [k A B R Y A
ZERANER 2 PR, MAZBE ULy 10 pmol/L B, &
FEREIR 92.22%, WHNEA 0.155 mg/g HHMG A . H
BEM 20 pmol/L i}, B4 5 AR 72.62%, @A
0.247 mg/g 4HWEAN . 3X T BESE T A PN ARG 1Y
EARRE 1A BR, HATWE A Z TR uE K R AR 3
FEAE—E 22 T PER T
2.1.3 EHEESHEAW R E AR B 3 Sttt
W5 e BN W) B < 22 WK 3R KA K Ak PR Fg 2 6 78
o AT LOURER BN G 22 Bk 3R 7KK 5 25 T B 2H
IKARAH LU AT B i X)), A] BSR4 22 Wk 38 & R KAIK,
WA A RGBSR MR, I BOGh J12H gt
R 525 A REZH AR EE 1A B 22 51, 156 R
S MR U 20 pmol/L WA 2352 i 45 P f A1
PUNTI e

AR I8 4 g 5 A T S K AR G AE A 589 nm Ab
B AR, SRAS B HUA 5 v s RS R BE 4 22 Bk 3R
P . S5 HRANER 3 iR, M a4 Pk TN 5 R

ER W ELCE = S e il

Table 1 Quantity of curcumin bio-accumulate by oysters
FHRUAE [Z5 RIS [FERNE [ZE S BARE KA EHER R ER
(pmol/L) I GE L WE Pt (mg) OLSSREE LR Pt (mg) HHER (%) i (mg/g)
5 0.0394+0.0025 10.05+0.60 0.0004+0.0002 0.85+0.04 98.98+0.07 0.092+0.06
10 0.0702+0.0008 17.33+0.20 0.0056+0.0006 2.09+0.15 91.96+0.89 0.152+0.02
20 0.1474+0.0040 35.57+0.94 0.0315+0.0006 8.19+0.15 78.62+0.01 0.274+0.09

TE: Bl LS M2 B S30R, B MR REAT = YOFATSE0 . K2~ 4lH].
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Table 2 Quantity of riboflavin bio-accumulate by oysters
BRI FEE PN AR AT [ZE =678 BRI BR HRMET R BR
(umol/L) I GAE HER T (mg) ELISA A HHER BT (ng) WA (%) Nt (mg/g)
5 0.0109+0.0010 9.79+0.67 0.0002+0.0002 1.79£1.55 98.15+0.17 0.080+0.07
10 0.0245+0.0012 18.93+0.78 0.0019+0.0006 3.4540.39 92.22+0.38 0.155+0.08
20 0.0508+0.0006 36.27+0.40 0.0139+0.0004 11.60+0.28 72.62+0.33 0.247+0.04
A 60
da
= 178 == LWERN TSI
%40 HE == RN RSN
£ : EE: y e A BRRANRIEBI)
S|
z 20 [10H A8 FE
="'l o [P
i 1=yl W
1 kL 35 | ‘:: \ ‘ . ;
= MHE U |
N NGNS\ [EAE 116 LI 3
VS VS, 070 1 s 1015 20 30
>V > JEHEM ] (min)
B 100 -
80
< 60
& 40 -
& AN R V=
N e . g A —o— ZEEN TN
: =B adac 20k —— PSR
K3 A 2Bk R & ARG 7K A S5 P i A Ak —O— BLMENFIILI
0 1 1 1 1 1

Fig.3 Color Changes of water and oyster meat before and after
bio-accumulation of hypericin

10 pmol/L B, & 425437 ik 91.06% Fl1 89.68%.
T 24 4 22 WE R U B o~ 20 wmol/L B, & 45 H Uy
71.90%, BRI B AR ANTE 4, IKARH i 4 24k 2R a
ARG, BB RV ZEH R AL E R HRE N
20 pumol/L A a4l PRI B 6, A5 Al PRI IR AT DL 25 44,
KPR B B A AN RSE R, PRI 10 umol/L
VEN TG SRR SEIGHR S, LI IE S — 25 o
2.2 HEENHFKB R B S IRRERRER

3 33 6Bl F X 22 IR S5 K K 5 MR AL BROAS [R] B[],
SR FHZE SR E AR R ERG AN S 005630 Ji X B2 R
Ty BRI, LI ARG A GBSl . A
El 4 v LIS R, /KW 1 2 D5 e sh JifE
JH T Bt PRt A, I ELRE A B R A9 B, LR A
WesiBEWiE K. HEWEN SRS Z 0I5 8%
B R s SR B S T LA PR e GRS 80630
ZH(P<0.05) . ZEHZIGBNIJIGHR 15 min BIXTZHT7

1
1 5 10 15 20 30
SRERFE] (min)

Kl 4 SEsh IRk b 2305 IR KRR
Fig.4 Degradation effect of photodynamic technology on
PAHs in aqueous solution
TE: AJKIRWH 2 H 07 R BB AACR BRI 23005 12
WA 35 B IS TR U 20 2 (B A T U, A AN R B s 2
[ 22 5 W % (P<0.05) , AR [F] F AR AL R A 1 M 22 =
(P>0.05).

TR R IR E] 91.08%, L5 FEHHE NS E RE T a3 B
A W A9 A2 4k (20 min: 91.09%; 30 min: 92.45%)
Bl 1 22 34 2= AT 0GB T GRS P AT RO R K
W T58R, X 6Bl et 2 05 IR Ak s 4%
-k SERGR S 22w 3R, RSN 10 umol/L, SR HATE]
4 15 min.
2.3 KA IR B S IR A R RRR

3 A SAE - BRI sl o X g v e A
Z I TFIE IR, A5 8IS A O3-S S S T
IELNE 5 R BT B, 38 5 SRR rT LA

*3 AP EES PR

Table 3 Quantity of hypericin bio-accumulate by oysters

SRR AR AR 8 22k [EESEILZN BRI 8 22k BLUER b 2R
(pmol/L) LA it (mg) L Rt (mg) EAER(%) # i (mg/g)
5 0.0056:£0.0003 12.95+0.50 0.0005£0.0003 4.37+0.44 91.06+0.48 0.086+0.05
10 0.0107:£0.0004 21.47+0.59 0.0011:£0.0004 5.44+0.68 89.68+0.34 0.160£0.06
20 0.02530.0004 46.02+0.59 0.0071:£0.0004 15.4120.59 71.90+0.39 0.3060.06
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Fig.5 Gas chromatography-mass spectrogram of PAHs
T : A.PAHSs B3 15 WA SO (035 -0 35 1515 B.&S 1 X IR 20
PAHs [SAH (1% - BT 151 CoL3h 141 PAHSs iYSAH (355
TR 125 2065 3085 4.45 5.3F; 6.7 7080 8.1E; 9.4 TF
[a] (5 10 Jifl 5 11T [b] 2€ B; 12289 [K] 2€ 5 13289
[a] B ; 14.B0 9 [1,2, 3-c,d] B 15. 7K IF [a, h] &5 16K I
[g.h,i] 36

AR AR vt 2SR A5 25 L 2H FNG3) g 2H 45 v
10 FhZ 3R F7 IR MU, 25 R ANIE 6 B . MEIHAT
DIOEL S 5 25 X BRAAAR LY, D63 T4 ts i 2 30
I IR AN 2 R R (P<0.01) . Ui ZZ RN T
FRDYGSN X A o PR 22 B D SR A A AN TR R B 114 e it
WOR, HIEMROR 3 .

N T IS MR W FO A S X v 22 3
TR SRR, Gt &P A5 SRR . N
2% 4 AT LR OGS 13T 10 FhZ 3855 S8 A FER 2R
21.92%%1.28%~88.46%=0.67%, H: 1 75 1) B4 ik 5 d5k
15 88.46%+0.67%, HKIEZE 75.09%+0.34% FlJE ks
58.02%+0.12%. PRIHAE [ 3R 52506 72 19 B L 4518
T, ZEEN DS IR 2RO EA R
WIS

3 g

HAT, H T 235 Ry A0 By vk = 2 FR Y EE
A2 E RN PR, 3L I IR n TS e fr 22 380
o, (AR oY 22 B A7 7 — BBt G055 AN i . ROR
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Fig.6 Degradation effect of photodynamic technology on PAHs in oysters
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Table 4 Degradation rate of PAHs in oyster by photodynamic technology
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