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Understanding the sorption of pharmaceuticals on the different charges of 
pure aquifer surfaces is essential to evaluate their fate and transport in native 
groundwater system. The sorption of three pharmaceuticals, Acetaminophen, 
Nalidixic acid and 17-alpha-ethynylestradiol (EE2), has been investigated in the 
laboratory using batch experiments. Alumina, silica, and the hydrophobic medium 
porapak are used as pure sorbent materials. The preliminary tests showed that 
acetaminophen, which has the highest water solubility (14,000 mg/L at 27°C), has 
shown no significant adsorption onto any surfaces. Nalidixic acid, which has one 
carboxylic functional group in its molecule and can be ionized to form an anionic 
molecule, showed strong adsorption on the positively charge alumina. 17-alpha- 
ethynylestradiol, the most hydrophobic molecule, strongly sorbed onto porapak. For 
kinetic studies, the results showed that the sorption equilibrium of nalidixic acid on 
all medium is achieved within 3 hours while 17-alpha-ethynylestradiol takes 3 days 
to achieve the equilibrium on porapak. A linear isotherm was used to fit all sorption 
data. Sorption coefficient of Nalidixic acid with alumina silica and porapak were 
4.14, 0.013, and 0.03 L/g, respectively. For 17-alpha-ethynylestradiol with porapak, 
the sorption coefficient was 0.66 L/g. Nalidixic acid adsorption onto alumina was 
also studied for the pH range between 4 and 11. This study shows that at pH about 6 
the highest sorption of nalidixic acid with alumina was observed. Since the pKa of 
nalidixic acid is about pFI 6.3, the carboxylic group was ionized to form negatively 
charged nalidixic acid molecules. At this pH, the amount of nalidixic acid in 
negatively charged form and the amount of surface charge is the highest than at other 
pH values; the sorption of nalidixic acid onto alumina is thus its highest. Below pH 
6.3, there are only a few nalidixic acid molecules ionized, and the sorption decreases. 
Above pH 6.3, the amount of positively charged surface decreases as we approach 
the PZC of the alumina, and the sorption decreases. At pH about 9, the sorption of 
nalidixic acid on alumina decreases as the alumina becomes neutral. This result thus 
implies that the sorption of Nalidixic acid onto alumina was a function of pH and 
charge of sorbent surface. The octanol-water partition coefficient (Kow) of nalidixic 
acid is reported in this paper of about 0.8.
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NOMENCALTURES

c = liquid phase chemical concentration (M/L3)
Cads = concentration in solid phase (M/L)
C aq = concentratin in aqueous phase (M/L)
Ceq = equilibrium concentration (M/L)

C o = concentrations in octanol phase (mg/L or pg/L)

c w = concentrations in water phase (mg/L or pg/L)
c, = concentrations in phase 1 (M/L)
c 2 = concentrations in phase 2 (M/L)
D x = hydrodynamic dispersion coefficient (L2/T)
kd = first order desorption rate constant (1/t)
ks = first order adsorption rate constant (1/t)
Kd = linear isotherm coefficient (L3/M)
K f = Freundlich isotherm coefficient (L3/M)
K l = Langmuir isotherm coefficient (L3/M)
K o w = the octanol-water partition coefficient (dimensionless)
K12 = the partition coefficient (dimensionless)

q = mass of chemical sorbed normalized by mass of adsorbent (M/M)
1-f, R = retardation factor (dimension less)
Vx = pore water (seepage) velocity (L/T)
X = dimension of solute transport (L)

pb = bulk density of solid phase (M/L3)

Ps = solid phase particle density (M/L3)

ท = pore water fraction (L3/L3)
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