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Dendritic polymers as biocompatible oil spill dispersants
David A. Ladner”, Nicholas K. Geitner?, Peng Xie', Ying Tu', Priyanka Bhattacharya?*, Ran Chen?, Muriel Steele'!, Sean Powers?, Andrew Whelton*, Pu-Chun Ke?

'Department of Environmental Engineering and Earth Sciences, Clemson University
’Department of Physics and Astronomy, Clemson University

SDepartment of Marine Sciences, University of South Alabama
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Methods
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Abstract Srdnchcs' * Model compound experiments measured
Dendritic polymers have recently been shown to encapsulate polycyclic aromatic hy- * Generation 4 PAMAM dendrimer (G4); [NH,(CH,),NH,]:(G=4); agso_::apcet_r(])f ph;nanrhr;eenrz and hexadec-
drocarbons (PAHs) and other hydrophobic materials. We thus hypothesize that crude dendri PAMAM (NH,),; MW: 14,214; cationic. .aDe_ ! er a(r:1tl ?‘fWIt' pr? y et 4 di
oil can be dispersed using dendritic polymers. Our objective is to gain a fundamental * Hyperbranched polyethylenimine polymer, (HY or HY-PEI); (- hllsrp?ns?h ne eCt';/e t_es;]s tes S u?\?f dITs
understanding of the interactions of the polymers with crude oil, taking toxicity and _NH.CHzCHz')X['N(CHchzNHz)CHzCHz']y= MW:10,000); cat- c ro_on eD_a erexntalc IO‘|§ t(.)qlé)aoéy Ias-
biodegradability into consideration. First-phase laboratory results show that lonic.— er'Selg - Dispersant to oll ratio { ) W
poly(amidoamine) dendrimers and hyperbranched poly(ethyleneimine) polymers » Corexit 9500 : VP% t. thesis inhibition exoerments
form complexes with linear (hexadecane) and polyaromatic (phenanthrene) hydro- * Hexadecane and phenanthrene i T do 0SY 3 bl tl r'l II Itr 'nx?g /Iv oGV
carbons, increasing the dispersion of these model crude oil components. Ongoing ef- * Louisiana light sweet crude (LLS) oll oy "j"” ; H, used a cyanobacterial strain, oynechocys-
¢ .. f ¢ ) : » Synechocystis sp. SO O S U : tis sp., grown in BG11 media and a seawa-
orts are examining the effects of hydrocarbon-polymer complexes on algal species _ RN B B D el | . tor alaal strain. Dunaliella s own i
to determine their biocompatibility. As a part of this project, community outreach work- * Dunalliela sp. ; D ’ wxast” w'i:“’ L i [?Y?/gr?media Ip,H iﬁdiclater Wpa'é %d;\éd Ito . /
shops will carry the research knowledge to the public and allow community groups to N fﬂw"wnﬁ vial with algée oil, and dispersants, and (a) Synechocystis sp.culture setup. (b) Mi-
articipate directly in laboratory studies. o N ) ’ i
P P y y o lg" - o kl . absorbance was measured to track pH crophotograph of _Synechocystls sp. Cells
_ | \ NH, e s are 1 to 2 pm in diameter.
Amine-terminated PAMAM changes caused by CO, utilization.
dendrimer branches Portion of amine- /
. . . terminated HY-PEI
Dispersion Effectiveness Results -
Toxicity Res o 2
025 o ny “ o - ) e _C.Es 5 | ———Algae
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o —Linear (HY) / . ® . ® HY-C16 @ 5 | ——Algae << 15 | N 5 t
— . I ra ~_| O —— + Di
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[Dendritic polymer] (uM) 0 10 20 N 30 0 >0 Time (min) Photosynthesis inhibition results from G4 dendrimers with Syn-
Absort SN (PN) mixed with d [Dendritic polymer] (pM) echocystis. G4 alone caused minimal inhibition, but G4-oil disper-
sorbance for phenanthrene mixed with den- T . . - i A ifi A hihiti
dritic polymers at 292 nm. The G4 curve (blue dia- Absorbance for hexadecane (C16) mixed with den- Phqtosynth_e3|§ inhibition results from G4 de_ndrlmers W|thHDu- | sions caused significant inhibition.
ronds) ppears o exi sauaton benaur core- || G paymers nar 250 . corospondingo e rew
sponding to a PN solubility of 35.3 mg/L, unlike the complex absorption peak. dring photosyninesis. photosy nn y 25
. . . have occurred, but was similar for G4, oil, and combinations. Q
linear curve for HY (red circles) which reaches 43.3 Q
mg/L solubility without saturation. Neat PN solubility is e 3 5 | —#-Algae
100% 5 \ ) 55 § c —1—Algae + Oil
< £ !
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o b GaCLs © 609 | Q 8= o Algae + Ol S 1 | ~&-Algae + DOR 0.02
t - <$ 15 | . S
£ 300 } ®HY-C16 -é 40% | E E\; , ——Algae + Dispersant Z .5 L —O—Algae + DOR 0.04
s;') 250 | § 20% | O HY-PEI C_EB 1 ¢ O— -3 ——Algae + DOR 0.02 —O—Algae + Azide
; i ® ® i : 5 O —O0——O0— 0 ! .
g 200 + . T 8 O Corexit 9500 =~ 05 | —0—Algae + DOR 0.04 0 50 100 150
g 150 | / T —0—Algae + Azide | Time (min)
> o _20% | | | | . .
o 1% ¢ 0 002 004 006 008 0.1 0 0 50 100 150 Photosynthesis inhibition results from Corexit with Synechocystis.
;:c:’- 50 Dispersant:Oil Ratio (v:v) Time (min) Neither Corexit, oil, or combinations appeared to significantly inhibit
0 . - . . . | | | photosynthesis.
5 10 15 20 25 30 35 40 45 50 55 Dispersant effectiveness comparison between HY and Photosynthesis inhibition results from Corexit with Dunaliella. Co-
[Dendritic polymer] (1M) Corexit. Oil-dispersed-in-water extractions were di- rexit alone inhibited photosynthesis. Corexit with oil at a 0.04 DOR
Hvdrod < sive of dendritic oo ed with vided by total-oil extractions to calculate the percent caused complete photosynthesis blockage, similar to totally killing
C>1/6rOB ytr;]agf Ellze cc)l' en 21 IC podyrl—rl]\e(rs "(;'X? IWI dispersion. HY dispersed the oil as well or better than the cells with sodium azide.
. Both G4 (blue diamonds) an (red circles) Corexit. The decreasing dispersion at high Corexit
saturate in size growth near 200 nm. This growth indi- concentrations is likely due to formation of large, un- ]
cates strong inter-complex interactions. Inset: trans- stable dispersed particles. Ong()lng and Futu re Work
mission electron microscopy images of G4-C16 (blue)
and HY-C16 complexes (red). Scale bar: 500 nm.  Evaluation of other dendritic polymers for disper-
- sant effectiveness and toxicity.
/ CO"C' usions * Toxicity tests with Daphnia.
a {:} b - Dendritic polymers demonstrate oil-dispersing effectiveness due to their hosting capacity for hydrocar- ~ * Microcosm experiments with various speceis.
bons. The amphiphilic nature of the polymers allows them to remain soluble even after hydrocarbon ~ * Molecular dynamics modeling to elucidate inter-
capture. action mechanisms between oil and dispersants. Molecular dynamics simulations of (a) 10 naphtha-
{:} %St} Proposed schemes of C16 complex- - The oil-dispersing ability of HY-PEI is as good or better than Corexit 9500, particularly at higher DOR. ~ * Evaluation of interactions between dendritic ff?e moIf?cuI1e§ co.mplgxg]g1v(\)n’;]h 2 .GZ'P.'S‘MAM den-
ation with dendritic polymers. (a) C16 » G4 dendrimers were less toxic than Corexit in terms of photosynthesis inhibition for the saltwater algae polyr.ners.and natural organic matter when dis- a;'dmggz Ge g-P AR/TAI?/ln de(nc)irimeru;?tlgrazc |nsm\7vr;?(;nrers
mﬁleCUIeS ;rT p?_rulu_o?ed |?_to d?”dgt'c Dunaliella. The result was different for the fresh-water cyanobacteria Synechocystis; G4-oil combina- ~ Persing oil. o N molecules are not shown for visual clarity.
POTymers. Fotential Interactions 1sad- tions were inhibitory, G4 alone was less harmful, and Corexit caused minimal inhibition. Thus, speceis  ° Investigation of distribution and fate of dendritic |
. {:} Sendritic C16 capping by dendritic polymers and and matrix are important for photosynthesis inhibition tests, and likely for other toxicity tests. -
Polymer (c) C16 end-to-end complexation, both
C {2;@‘ through hydrophobic interactions
" ~16
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