K %

oA oo M

ARG FE A H

B
g

=
g

Rt ()
SF243H24H

Environmental distribution, phytotoxicity, and bioremediation of endocrine

disruptor di-n-butyl phthalate
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Nowadays, plastic products have been filled and disturbed in our living
environment. After used, they would be discarded into the terrestrial or aquatic
ecosystems and then break down to become to the different kinds of chemical
pollutants. Therefore, the agricultural land which used the river water or
groundwater for irrigation would be impacted. One of the most important chemical
pollutants are plasticizers, phthalate esters (PAEs).

Di-nmbutyl phthalate (DBP) is one of the most widely used PAEs and is mainly
used as a plasticizer for plastics. Due to its high production and application figures,
DBP is widely distributed in various environmental samples such as soil, air,
wastewater, sewage sludge, river water, sediment, and groundwater. Then, it can be
accumulated in seafood or agricultural products and represents a substantial risk to
human health via the food chain. In recent years, several studies have shown that
DBP has embryotoxicity and other effects on different organisms. Therefore, DBP
had been classified as suspected endocrine-disrupting chemicals (EDCs). Since DBP
1s widely distributed in the environment, the purpose of this study is to assessing the
related risk of DBP for environmental and agricultural protection.

In chapter 1, the result of PAEs environmental distribution shows that DBP and
di-2-ethylhexyl phthalate (DEHP) were found to be higher than the other PAEs in the
river water and sediment in Taiwan in 2000. The concentrations of DBP in the water
and sediment samples were 1.0-13.5 pg L' (ppb) and 0.3-30.3 pg g' (ppm),
respectively. On the other hand, the result of 2013 shows that DEHP and di-n-octyl
phthalate (D2OP) accounted for the most of PAEs concentrations in soil (> 90%). DBP
were almost found in each soil sample in Taiwan, the mean concentration was 0.01
mg kg!. In addition, major sources of PAEs in agricultural soil could be the use of
chemical fertilizer and plastic products. These results show that the mean
concentration of DBP decreased in Taiwan’s environment from 2000 to 2013, but still

could be found in each sampling sites in Taiwan.




In chapter 2, the results of DBP phytotoxicity shows that DBP caused the leaves
of Chinese cabbage turned yellow and displayed etiolation. Meanwhile, DBP could be
accumulated in different parts of Chinese cabbage. DBP even below 1 mg L' had a
significant effect on the concentration of chlorophyll in Chinese cabbage and the
biomass showed a severe decrease under treatment with more than 30 mg L! of DBP.
In proteomics analysis, six protein spots derived from the normal control and the
DBP-treated Chinese cabbage plants showed reproducible differences in the
expression in 2-DE. Three proteins appeared or increased while the other three
proteins decreased or disappeared during growth in hydroponic culture with DBP
added. Three spots of increasing protein were responsible for biosynthesis of fatty
acids, signal transduction of phototropic response and nitrate assimilation in plant
cells, respectively. The other three spots that disappear or show decrease in protein
with DBP treatment were responsible for biosynthesis of flavonoids and floral color
development in the cell, aminoacylation of tRNA in the cell, and synthesis of ATP in
the cell to restrict growth and development in Chinese cabbage, respectively. In this
study, DBP seems to be able to induce physiological reactions or metabolism disorder
in the Chinese cabbage cell. We might say that DBP limits the growth and
development of Chinese cabbage.

In chapter 3, the results of bioremediation show that aerobic biodegradation
rates of PAEs were better than anaerobic biodegradations. The best biodegradation
half live (ti2) of 5 ppm DBP in laboratory and soil are 0.65 and 2.23 days by
Deinococcus radiodurans, respectively. Then, the removal efficiencies of 2 mg L't DBP
by laccase which was extracted from the spent mushroom compost of Ganoderma
Iucidum was 100%, after 1 day of incubation. On the other hand, the best
phytoremediation half live (ti2) of 5 ppm DBP is 2.69 days by Garden lettuce. DBP
potentially causes osmotic and oxidative stress in Garden lettuce. In addition, since
DBP had no significant effects on the morphology and physiological status of Garden
lettuce, Garden lettuce can be recommended for use in the plant anti-DBP toxicity
test, and also as the candidate plant for DBP phytoremediation.

Based on all the results of this study, we hope that these findings could provide
useful information for applying the bioremediation of DBP and assessing the related
risk of DBP in the environments. Meanwhile, we also believe that all we have done
only the temporary solutions to the problem, the DBP and PAEs contaminated
problems still depends on the wisdom of human beings to solve in the end in the

future.
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STIRELFE (EDC) 13X, BAEAMOL NOWNSUROMEEZ FRELS Y, AHERpE
BHZMFEMEE LTERSN TS, EDC THDHEBEZLNTWD T HIVEET AT )L
(PAE) (T, RdbEZE, (bBEG, B, @8R (bPIek, RIEEER EOS S E RS
HpCRlEEAI E L CIREH S5, £ OB FRIRE & BV HIRIC LV | PAE 13HL K,
HiFAK, EE, HHER S, BETIESMT 2,

7 HNEY T F v (DBP) X, bAELSHEHEN TS PAE D 1 5ThHY, EIZT TR
F o7 OREHE LTHERA STV S, BRERZNIZEES 2V, RAFICESITIE
AR LR, 20CTOKEMIX 10 mg L1 Th v | KK TOEHI 22 4 Th %, DBP
TR, HEREW), BCBKZe ICEEND ZEBHME SN TS, HIAKRERCIEL, K
B¥ERTTZAF v 7~ VTFOMRREIZ L KARE & EHICK T 5 DBP OZMENITFEE
LML T\ 5, HEEEIL, BREEICE T2 DBP B# Y 27 Z5Hli4 5729, 1) BIEOkE
AR L UOVKASREICEK T 5 DBP O0fia i 22 &, 2) L kB kt3 % DBP O
B+ o2&, 3) ME, BE. BIOHMIZL L2 DBP DA F L AT 42— a %
BT 52 &, ZHME LTIFZEA i L7,

51 BT, 2000 FITERIR L 72 BB oW REAKY 7L L HERE) Y 7 v D PAE %3
L7, DBP OREIIMD 6 DD PAE LV @2 & 2300 K & HEREY T 7 v o DBP
DOREEFPHIIZNZH 1.0~13.5 pg L'i(ppb) & 0.3~30.3 pg glppm) TH->7=, KIZ, 2013
AT BE O ST o0 222 70 TSR ) TR L7z 158, ok, 79 2 F > 7 #8t@ PAE %
A LTz, BT o PAE BEDIFE AL % DEHP & 7 Z ARy 427 F/4 (DnOP) 2359
72BN DBPICOWTHBEIBEDIFE A ETRTOHEY 7 LT SO EHIEEIL 0.01 mg
kgl ThHo7=, MA T, BELEFO PAE OELRRFEAFEN, (LFIERB LT T 2T 73l
mOEHTH L Z LR LT,

B2 WX, MW L FREICKT 5 DBP OREERHE L., £ F 4 3 (Brassica
rapa var. chinensis)|Zxf 9 % 2% FJ1~7=, 50 mg L1 DBP T 42 HMLHET 5 = LIz &
DF U UROETHEANEE LT, DBPIZ1mgLIRMTHF LA rnrsun” )b
BIEICREREEEHEZ A A~ AT 30mg L1 %@ %% DBP THULEET 5 & BE 2 &
L7z, DBP1mgL1RMOIRE TIE, EHICAERETRAONRN-T23, 10, 30, 50,
BELU100 mg L A M2 2RE TOLMITT T, DBP OBELREME b6 L, 7'm
T A — LENHC X0 . DBP ALERIC X 0 8N 2 & 287 B, el i1 2 He il o A4
BHe SCIRYEISED > 7 F s, HEEFEICEAD 2 b DO THDH T & Z2R LT,

RIZ | ki (Chlorella vulgaris) \Zk1 4 5 2% 5/~ 7=, DBP 2 E ORIV C. vulgaris




OraaT vagHAENMED L, 24h-EC501349mg L1 THDHZ LaERLTZ, LC/MS
IMS & W=7 a7 A — Mgl L Bin 4 bro— (GO) HSHrEiTv, 7kF /L CoA £
ARk 7 a b U E RSB S & vy BB DBP BB IS TS 2 L ER LT,
D DORERN G HEEE L. DBP MR &K ZE L. C. vulgaris © pH Fi & MG
B AE B Z DRt R L T D,

FI3ETI, ME, B, BLIUHMIZL 2 DBP DA AL AT 4 =—a U Eair LT,
TSR P T R (Deinococcus radiodurans)\Z K 534 5 755 —3 a v (EWHiE) 2B
7% 5 ppm DBP O=EH2Y, EBREERFELS L OHEFT TENEN 065 8L 10223 HTH
HZ LEm Lz, 0. £Z(Ganoderma lucidum) DfFEFE & 7 adEEn b S ni-7
v AI—EIZL D 2mg L1 DBP OFRENRII, 1 HEOA »F2X—2 3 VHZIZ100% TH D
ZEEHLMNI LT, E 52, DBP OWINEE I3 @\ —TF > L ¥ A (Lactuca sativa L. var.
longifolia) |2 % 5 ppm DBP O =578 2.69 H CHHZ L% L7, DBPIZH—T L
HAADSFESERIMTERE LI, T OAEFPAIRNGE L BRICHEE R LT A L O bk
Moty TNHORERNS, HiEEIL, W—FT VL HANRDBP 77 A hL AT 4 =—3 3
DI DAY & 72D LIR<TW 5,

LIb, HEEH TGRSR T, B85 oo DBP B U 2 7 23l 5 720 DB EAR MR %
T 5L L BT, DBP DA F L AT 4 == 3 VBT DO BRIk AR E L
T2 AMFTEIT. WAWSEALTEIC XD REG R E VWD | BEMRRICIIT 2 EERBRBIC
S LUCHRROA O Z 522 Z NI SN D, LLEOIFENE & £ DEICHEA T, AEESE
BAIAGRIIOE L () oR5IETS L0 LT,




