
Chemosphere, Vol.16, No.1, pp 109 - 116, 1987 
Printed in Great Britain 

0045-6535/87 $3.00 + .oo 
Pergamon Journals Ltd. 

SIDIMINT-WATKR PARTITION COEFPICIBNTS DNO 
HPLC RETBN'l'IOII FACTORS OF IUIOMATIC HYD~CARBONS 

School of Australian Environmental Studies, 
Griffith llniveraity, Nathan 4111, Old. Australia 

R.v.c. Mantoura 

Institute for Marine Environmental Research, 
Proapect Place, Plymouth PL1 3DR, Onitea ltinqdom 

ABSTIIACT Sediment to water partition coefficients have been naaav.red for fourteen 
alkylbenzane and polyaromatlc hydrocarbons together with their RPLC capacity factors. 'l"ho 
partition coefficients vary between 100.2 and 103· 7, and different ho1110logous series of 
hydrocart>ons separately correlate both the octanol-water partition coefficients and 
octadecylieilane capacity factors. All partition coefficients correlate well with the 
alky1cyano capacity factors, and it is su9gested that this mildly polar phase mimics better the 
sorption onto sediment than either octano1 or octadecylsilane phases. 

I'IITRODtJCTIOlll 

The sediment or soil-water partition coefficient Otp> is an important pa:ra11111ter in describinq 

the environmental fate of lipophilic organic coazpounds (1 ), Values for ~ aay be obtained by 

direct maeurement: or may be estimated by indirect techniques. Jarickhoff, Means and 

Schwerzenbach and their co-workers (1-5) have shown that tbe partition coefficient my be 

eethated from tbe octanol-vater partition coefficient, ~tow, using the eqgation1 

lOIJ ~ .. a log Kow + loq foe + b (1) 

where foe is the fractional or9an.Lc content of the particulates and a and b are constants. Por 

a wide variety of substrates, partition is determine<! by the li;pophiUcity of the solute and tbe 

orqanlc carbon content of the sUbstrate, so that Equation (1) can be simplified to: 

loq JOe .. a loq ~ + b (2) 

where ~oc is the notional or9anic carbon-water partition coefficient. 

The difficulty with aucb empirical relationahipa is twofold. Firstly, there ls uncertainty in 

the r;,., values parti(:l)larly for the more lipophilic compoun<ls (6) and, secondly, there <bee not 

appear to be a unique eqaation for all ul'i>utrate or compound types (5 ), In vi..., of this, it 

se-d worthwhile to investi911te the relation between sediment pa:rtition coefficients and 
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retention on reverse-phase high performance liquid chro .. toqraphy (R-P HPLCI· &oth the surface 

chemistries and the theory of partition ~ggest close parallels between adsorption onto natural 

particulates and retention by lipophilic HPLC phases (7-9 ). A group of alkyl.benzene and 

polyaromatic hydrocamona were chosen as solutes for this study as they ap1111 a wide range of 

prepertiee associated with the hydroc:arl>ons that are toxic constituents of oil. 

UPERIMBRTAL 

Surface sedi•nt (2-10 em) waa collecte4 from the central 'l'aaar eat~ in February 1984, -t 

sieve4 (<60 t.~•l. aerated for 24 hr, and reseparated by centrifuge. 't'he solid was freeze dried 

and cSieintegrated in 1111 end-over-end shaker. This material had >75' of the particle abe evenly 

distributed in the range 2. 7 - 37.6 ~~om (Malvern 2200/3300 Particle Sizer) 1111d an organic carbon 

content of 4.02 ± 0.06' accordizuJ to the oxidati'" method of Alioto (10). 

Hydroc:a.rbons were LR grade or better and used without further purification. water was adjusted 

to 0.2, vith SYftthetic sea salt (Tropic Marin). All equilibrations and separationa were carried 

out at 1s.s•c. 

For .oat partition expe:d.-nts, weighed mixtures of water (- 11 IIIL) and sedi.,nt (0.05-2g) were 

place4 in 10 IlL screw-cap glass vials with llliniliiWil headspace. Spikes (2-20 IlL I of hydroca.rbon 

in acetone solution (0.2-0.Smg/IIIL) were added and the ad.xtures stirred for 2 boun. 

After centrifuging, a wei<Jhed portion of the supernatant was extracte4 vith dichloro-thlllle 

cont.aininCJ 1-chloro-n-oc:tane and 1-chloro-n-&tcane as internal standards. Extracts were aasaye4 

usinq a carlo-Erb& HJIGC gas chromatograph equipped with an n~54 capillary column. 

For 1-ethylnaphthalene end pyrene, extraction was into cSichloroiiiBthaDe containing naphthalene aa 

internal standard followed by quantitation by KPI.C ut~ing lllethanol-ater {75-25 ), a Varian at-10 

MicroPak column and detection at 285nm. 

Time sequence experi.enta showed that partition vas sensibly complete after 1 hour. There was 

insignificant (<2' I hydrocazbon contributed by the sedi.-nt, 11114 recoYeriea from water were 

efficient (>96\) except for n-'butylbenzene (90') for which a correction vas made. The 

concentration of sorbed hydrocadlon was calculated by difference, 1111d the partition coefficient 

calculated aacordin9 to the forDUlaa 

ltp• '(w/w I in aedi..nt x mass of water 
' (w/w I in water x -.a of se cUment 

(3) 

Retention data on HPX.C -r• abtaiJ>e4 using either a Varian at-10 Mlc:roPak colU11111 and 75-25 

-thanol-ater (1 IlL/min) with detection at 283nm or a Varian at-10 IU.croPak column 11114 55-45 

-thanol-ater and datection at 255 nm. 

calc:ulatinCJ capacity factors. 

Methanol vas the unretained compound 1111ed in 



RESULTS AND DISCUSStOI\l 

The sedi~~~ent-water partition coefficient& and HPLC capacity factora (k'l are in given in 

Table 1. For the ran<Je of sediment loads (7-200 IIIJ/UL) and initial hydrocarbon 

concentration (0,1-1.5 IJ,q/IIIL), there is no ayeteqtic change in ~ values and thus there 
simple partitioning according to Equation 3. 

Table 1: Partition, retention and solubility cab. for aromatic hydroeatbons. 

compound Logl\'p na Log k'oos Log k' Clll Log Kaw b Logs b,c 

Benzene 0.020 :!: 0.16 6 -0.0515 -0.369 2.13 -1.64 

Methylbenzene 0.60 :1: 0.12 11 0.124 -0.186 2.65 -2.20 

Bthylhenzene 1.01 :t: 0,08 16 0.280 -0.035 3.13 -2.75 

n-Propylbenzene 1.47 :1: o.os 16 0,466 0,177 3.69 -3.36 

n-Butylbenzene 2.00 :t: 0.04 16 0,626 0.438 4.28 -3.99 

o-Xylene 0.95 :1: 0.07 17 0.268 -0.017 3,13 -2.68 

p-Xy1ene 1.02 :!: 0.08 17 0.298 o.ooo 3.18 -2.69 

Naphthalene 1.53 :1: 0.04 19 0.210 0.080 3.35 -3.09 

1-Methylnaphthalene 1.96 ± 0.03 t7 0.384 0.272 3.87 -3.70 

2-Methylnaphthalene 2.00 :1: 0.03 15 0.386 0.283 3.86 -3.65 

1-Ethylnaphthalene 2.37 :1: 0.04 3 0.519 0.432 4.39 -4.16 

2-Ethylnaphthalene 2.36 :!: 0.04 14 0,520 0.460 4.uc -4.32d 

Phenanthrene 2.88 :1: 0.04 6 o . .as 0.535 4.57 -4.60 

Pyrena 3. 73 ± 0.06 4 0.629 0.810 5.18 -4.88 

a Number of measurements 

b Data from ref 18 

c Solubility, s, in mole/L for Uquids or supercooled liquids 

d Date from ref 23 
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Figure 1 shove the correlation between ~ and ~· with reqreseiO:II tor all 14 hydrocarbons 

giving: 

log~ • 1.15 log-o.,- 2.53 r 2 • 0.961 (4) 

Acao111110dating on ori,Jilnic cazbon content of 4.0\ gives: 

log ~c 1.15 log ~ - 1.13 (5) 

'l'he slope parameter •a• in equation 2 is a measure of the c:hange in free energy of solute 

transfer from water to sec!i-nt org~uU.c -tter coupare d to the c:han9B in free energy on 

solute transfer from water to octanol. A value a•1 implies that these chan<JBS are the same, 

tbat is, both octanol and se41.1118nt organic lll&tter are behaving ailllil.arly towards the 

variations in solute characteristics (11). 

Slope para-ters a-1.0 have been reported by J:arickboff (1,2) and Ileana (3,4) and their 

co-vorlters tor various natural substrates and solutes. Bovever, not all CODPpoullde fit these 

correlAtions (12 ), and other studies have yielded different slope parameters of a•0.904 (8) and 

a•O. 72 (5). This led Sc:bvazenbach r. Westall (5) to suggest that, J:"llther than real differences 

in substrate lipophilicity, the variation in slopes could reflect only the total DIUiber aDd 

types of solutes for which the c:orrelationa vera made and the non-l)l'liquenesa of the correlation. 

It would be fortuitous for dlifferent classes of solutes to have similar affinities for oc:tanol 

and nat~aral organic matter. lndsed, as shown in Figure 1, the present data are IIDre sensibly 

correlated if the hydroc:ar:bona are placed into homologous groupe. The sequence 

benzene-naphthalene-phenanthrene-pyrene givest 

while the alkylbenzenea and alkylnaphthalenea give, reapectivelyc 

log "tee • 0. 904 log J:,;, - 0. 46 

log ZOe • 0.774 log 10v • 0.37 r-2-0.992 

(6) 

(7) 

(8) 

The separation between ho110logous aeries is clearer in the correlation between .:p aDd HPLC 

capacity fac:tora on octa4ecylailane pbue, k'oos, u shown in Figure 2. Here the polyaro-tic 

sequence yieldaa 

log xp • ·5.406 log k'oos + 0.315 r 2•0.999 (9) 

while alkylbenzenes and alkylnaphthalenea yield regressions of substantially smaller alopeaa 

log xp- 2.845 log k'oos + 0.193 r2-o.996 (10) 
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Figure lo Relationship between sediment-water 
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loq Kp • 2.11 log k'oos + 0.95 (11) 

Chanqing the chromatographic phase to alkylcyano largely collapaea these differences (ri9Ure 3), 

and all 14 hych':ocarbons can be reqreased to qive1 

loq ttp • 1.021 log k'cN + 1.085 

Rather than foc::us on the absolute ~~~agnitude of the slope values •a•, these patterns are better 

underetoo4 in terms of the 4iver~Jence of the aromatic and aliphatic sequences. 'l'be di.verqence 

is Bm&ll for the alkylcyano phase suq~J~~stinOJ that it is behavinq as a similar soroent to 

sediment orqanic matter for all 14 hydrocamons. Octanol and octadacylsilane show pro<;reaaively 

larger divergences, and an order may be generated: orCJilnic matter - alkyl Qf > octanol > ODS. 

This is about the order w expect for the polarity of the sorbent phase. Octadecylsilane should 

be the least polar in view of its by4rocarbon-lilte structure and chroma.toqraphic properties 

(Ill, while sediment organic matter should be the most polar 4ue to the presence of qroups such 

as carbollYl• phenol and Uli.ne i.n h-ie ~~~&terials (14). Both octanol and alkylcyano should be 

intermediate. octanol, for exai'JI)le, dissolves less water than soil orOJ8nic matter and is the 

superior pBrtition phase for lipophilic compounds (8 }. The functionality of the MicroPak Ql 

colllllln is cyanopropyl, and this phase is described as '11110darately polar' with retentive 

properties that allow it to absorb polar as well as lipophilic materials (13), 

These polarity differences may then explain why the Kp values are core sensi~ive than either ~ 

and k'oos to changes in solute aromatic structure (Fi911rea 1 and 2). Arollllltic hydrocarbons are 

more polar {polarizable) than aliphatic hydrocamons, as evi a. need, for exa111ple, by the higher 

solvent stren<Jtha (15) and water solubility (161 of aromatics for IIIOleculea of similar cubon 

nwaber. Modification of the aromatic structure may then c:ause greater change in partition to a 

silllilar phase (organic IIBtter) than to one that is not (octanol or ODS). The sa• would hold 

for changes in aliphatic structure except that here the more coa~patable phase is either octanol 

or ODS. 

For weakly-polar o0111pounds, hy&-opbobic interaction& or water insolubility bas been adlranced 

as the 11111jor driving force for sorption or solvent partition (8, 17). 'l'bua log Kp should 

correlate -loq SV, Where s is the liquid or supercooled liquid solubility and v is the aolar 

volUIIIe of hydrocarbon (18 ). Fi911re 4 shows that all 14 hydr:ocllrt)ona yieldl 

loq ~ • -1.142 loq SV- 3.132 r2•0.955 

Again, however, al.kylbenzenes are 1110re closely correlated (r2•o. 994) with the PAR' a lying above 

the line indicating enhanced sorption. We note that the polyfunctional nature of humlc 

nateriala (14) IIIAY provide several oodes of sodlate-•orbent interaction, so that dlfferent 

classes of compounds uy have different stranqt.h• of sorption. This <»as not appear to be the 

case for partition into ocunol, where hy4rophob ic interactions appear to dollinate (1 7). In cor 

case also, lo9 SV closely correlates log Xov cr2e990}, with the exception of pyrene. Pyrene 

appeara to have an anomal.owlly high solubility in relation to its !Cow, Kp, k"oos and l<'CN· 
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Figure 4z ll.elationship between sediment

water partition coefficient and 

water solubility, S in mole/1. 

and v in litre/mole. 'l'be 

the interrupted 

regression 

only. 

line 

for alkylbenzenea 

'1'wD further points can be lll!lde. Firstly, reverse-phase chro~~~atograpby on the lllildly polar 

alltylcyano madia may be a rapid way of estimat.inq Ullltnown ~ values. The choice of sol:bent 

phase silllilar to sediment organic: matter may also coapresa any partition d1fferenc:es b&tween 

different classes of c:oupounds. It would be interesting to see if these d1ffarenc:es extend to 

other homologous series. We nota that despite the very larqe nuQber of investiqations into the 

solubility and partition behaviour of hy4rophcbic: solutes, only polychlorinated biphenyls (7), 

c:hlodnated hydrocarbons (5, 8, 19 ), and alkylated hydrocarbons (20,21) have formed closely 

related series of compounds. 

Secondly, the systematic way in which Kp (or ~Coc l varies alonq a homologous series suqqeste that 

a substituent constant muy be qenerated in 1111.1ch the same way as proposed for soil orqanic:: 111atter 

(11 and Kow (22). 'l'be chanqe in partition coefficient for the addition of a methylene qroup 

(alltyl aubstit~ents), .llolog ll:'.oe• is 0.48 for alkylbenzenes and 0.41 for alkylnaphthalanes. A 

co~~~parable fiqure of 0. 39 :t o. 10 ia obtained from soil sorption of alltylbenzeneu reported by 

Schwarzenbach and westall (5 ). For fused ring fragments, .llolog ~Coc is 1.4 for a:-aubatitution 

(benzene-naphthalene-phenanthrene), 0.8 for p substitution (pyrene), or 1,2 overall. Values for 

a:-substitutad PAH8 sol:bed onto soil are 1.16-1.20 (1,2) while the sorption chta for colloichl 

organic substrates reported by Wijayaratne anc! Means (4) yield an average figure of 1.5, 



116 

REFERENCES 

1. lt&rickhoff, s.w. Chemosphere, 1981, _!!, 833 

2. ~tarickhoff, s.w.r Brown, o.s.r scott, T.A.r Water Res. 1979, 1!• 241. 

3. Means, J.C.r wood, S.G.; Bassett, J.L.J Banwart, w.L. 
1524 

ntviron. Sci. 'l'echnol. 1980, .!! , 

4. Wijayaratne, R.D.r Me.ana, J.c. Marine &lvironmental Msea=b. 1984, .!1.• 77 

5. Schwarzenbach, R.P.r Westall, J, Environ. Sci. T&chnol. 1981, ~ 1360 

6. Woo&urn, Jt.B.r Doucette, w.J.r Anc!ren, A.w. Environ, Sci, rechnol. 1984, .!!• 457. 

7, Rapaport, R.A,; Elsenreich, S.J. Environ. Sci, Tecbnol. 1984, ~' 163, 

8, Chiou, C.T.J Porter, P.E.J SChDedding, D.W, Environ. Sci, !Bcbnol, 1983, ~. 227. 

9. Bovarth, c., Helander, w. J. C2lrolllatogr. Sci. 1977, .!.!• 393. 

1 o. Amoto, M. Soil Biol. Biocbem, 1983, .!.!• 611. 

11. Leo, A.; Banach, c., Elkins, D. Cb~. Rev, 1971, ll• 525. 

12. Means, J,C,r Wood, S.G,J Hassett, J,J,r Banwart, W.L. Environ, Sci, !echnolo 1982, ~· 93, 

13. Majors, R.E. J. Chromatogr. Sci. 1980, .!.!• 488. 

14. Tinsley, r.J. "Chemical Concepts in Polluunt Behaviour", Wiley: New York, 1979. 

15. Snyder, L. R. r J:irkland, J,J. • Introduction to Modern Liquid Chromatograph!l". 2nd Edition, 
Wiley: New York, 1979. 

16. Mackay, o.r Shiu, w.Y. Cbem. sng, Data. 1977, !!• 399. 

17. Chiou, C.Tr Schmedding, D.W.r Manes, M. Environ, Sci. Technol. 1982, .!!• 4. 

18. Miller, M.M.r Wasik, s.P.r Huang, G-Lr Shiu, w-Yr Mackay, D. Environ. Sci. ~chnol. 1985, 
.!!· 522. 

19. Chiou, c.T.r Peters, L.J.r Freed, v.B. Science. 1979, 206, 831 

20. Tevari, Y.B. I Miller, M.M,J Wasik, s.P.r Martire D. B .. J .Chem. Bl:lg. Data 1982, 27, 451. 

21. coates, Mol COnnell, o.w., Barron, O.M. F:nviron. Sci. Technol. 1985, .!2_, 628. 

22. Hansch, c.r Leo, A·l Nikaitani, D. J. Orq, Cham. 1972, ll· 3090. 

23. Mantour•, R.F.c. "Speciation and '!'ransfo111111tion Hodel of H!ldrocarbons in an .!Dstuar!l"• 
Research Report. Institute for Marine Environmental Research. Plymouth, U.Jt. 1984. 

(Received in Germany ll July 1986l accepted 29 Auqust 1986) 


