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SUMMARY 

We report a rapid, largely automated high-performance liquid chromatograph- 
ic (HPLC) method, which uses an HPLC column packed with alkylnitrile-substituted 
secondary alkylamine (aminocyano) bonded phase, to isolate coprostanol from in- 
terfering compounds in sediment extracts. Coprostanol is then quantitated, as the 

trimethylsilyl ether, by gas chromatography with flame ionization detection. Results 
from using the HPLC method to analyze a sediment reference material for coprosta- 
no1 were statistically comparable to a previously used gravity-flow column method. 
We also report the coprostanol concentrations in several sediment samples from the 
California coast which reflect a range of sewage contamination (62215 000 ng/g). 

INTRODUCTION 

Continuous discharge of municipal sewage effluents and sludges into the oceans 
has resulted in the need to monitor the dispersion of sewage-related contaminants 
throughout the marine environment, Over the past decade, coprostanol (5P-choles- 
tan-38-01) has been recognized as a good biochemical indicator of sewage pollution’. 
Coprostanol is formed by the enzymatic hydrogenation of cholesterol in the intestine 
of higher animals2s3. Coprostano 1 and cholesterol are the major sterols in human 

feces3; however, cholesterol occurs naturally in aquatic environments, limiting its 

usefulness as a sewage tracer4. 
Many analytical methods for determining coprostanol in sediment have been 

published over the past decade; ail are time-consuming and laboriousl. For example, 
typical methods - 5 lo involve several steps: (a) freeze- or oven-drying of the sediment: 

(b) Soxhlet extraction followed by concentration of the extract; (c) saponification; (d) 
thin-layer or gravity-flow chromatographic cleanup on silica or alumina; (e) deri- 
vatization; and (f) quantitation by gas chromatography (CC) with flame ionization 
(FTD) or mass spectrometric (MS) detection. 

As the demand for coprostanol analyses grows with increased awareness of the 
potential environmental impact of ocean dumping, methods must be simplified and 

improved to lower the costs and to increase the efficiency of these analyses. For 



264 M. M. KRAHN et al. 

example, McCalley et al. 1 ’ report that saponification of the sediment releases only 
small additional amounts ( I2 18%) of coprostanol, so they eliminate this step to save 
time. Furthermore, many laboratories routinely perform determinations of aromatic 
hydrocarbons (AHs), chlorinated hydrocarbons (CHs) and coprostanol on the same 
sediment extracts, so a single extraction procedure, such as that reported by Readman 
et uZ.‘*, would prove cost-effective. Our laboratory also uses a sediment extraction 
procedure which combines the extraction of AHs, CHs and coprostanol; in addition, 
drying and extraction are combined into a single step12. 

In this manuscript, we report further improvements in the determination of 
coprostanol in sediment. A rapid high-performance liquid chromatographic (HPLC) 
separation and fractionation, using two normal-phase columns, isolates coprostanol 
from interfering compounds. Then a simple derivatization procedure prepares the 
sample for GC quantitation. We report the results of analyses for coprostanol in a 
sediment reference material and in selected sediments acquired as part of the National 
Oceanic and Atmospheric Administration’s (NOAA) National Status and Trends 
(NS&T) Program, a multiyear national program to measure the quality of our na- 
tion’s coastal environmentr3. 

EXPERIMENTAL” 

Preparation qf’standa& 
The following standard solutions were prepared for coprostanol analyses: 5rx- 

androstan-17-P-01 (androstanol; 50.0 ng/pl; Sigma, St. Louis, MO, U.S.A.), the in- 
ternal standard for quantitating coprostanol; [2H,z]benzo[e]pyrene (56.5 ng/,& MSD 
Isotopes, St. Louis, MO, U.S.A.), the HPLC internal standard for calculating the 
fraction of the extract used for HPLC; hexamethylbenzene (HMB, 76.1 ng/& Al- 
drich, Milwaukee, WI. U.S.A.), the GC internal standard for calculating the recovery 
of androstanol and [‘Hr2]benzo[e]pyrene; an HPLC calibration standard containing 
coprostanol (180 ng/pl; Supelco, Bellefonte, PA, U.S.A.) and [2H12]benzo[e]pyrene 
(10 ng/$) for calibrating fraction collection; and a GC calibration standard contain- 
ing HMB (3.8 ng/&, coprostanol (4.7 ng!pl). androstanol (2.5 ng/pl) and [*Hlz]ben- 
zo[e]pyrene (4.8 ng/@). Epicoprostanol (5/&cholestan-3%-o& 5 ng/,ul; ICN Biochem- 
icals, Plainview, NY, U.S.A.) was chromatographed to obtain its GC retention time 

and mass spectrum. 

Collection of sediments 
Sediments were collected with a modified Van Veen grab (see ref. 14). Sub- 

samples were taken from the top 2 cm of three replicate grabs at each of three stations 
per site, and each replicate was put into a clean glass jar. The samples were returned 
to the laboratory on ice, frozen, and then thawed before the replicates were compos- 
ited in the laboratory. Each site (e.g. South San Diego Bay) had three stations (A, B 
and C) located within a 2-km radius. The California sites are a subset of those sam- 

’ Mention of trade names is for information only and does not constitute endorsement by the U.S. 
Department of Commerce. 
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pled for NOAA’s NS&T Program’ 3 and represent a range of coprostanol concentra- 
tions. The Kellogg Island (Seattle, WA, U.S.A.) sediment is a highly contaminated 
sediment which had been found by a previous analytical procedurer5 to contain 
compounds that interfered with analyses for coprostanol. We analyzed this sediment 
by the HPLC method to demonstrate the efficiency of this procedure in isolating 
coprostanol from interfering compounds. 

Selection of the reference material 
A sediment reference material from the Duwamish River (Seattle, WA, U.S.A) 

was collected and stored as described previously . l6 This Duwamish III reference 
material has been used in intercalibration exercises (AHs and CHs)” for the NS&T 
Program and currently serves as one of the quality assurance control materials for 
AHs, CHs and coprostanol in our laboratory. Thus, this material has been analyzed 
repeatedly. 

Extraction of sediment 
Sediment samples were extracted to obtain AHs, CHs and coprostanol by a 

tumbling method as described previously l2 The sediment extract in methylene chlo- . 
ride was reduced to about 20 ml by evaporation. Then, to eliminate particulate matter 
which could plug the HPLC system, the extract was filtered through a glass-wool plug 
packed into a 25-ml disposable pipette. The volume of the filtered extract was reduced 
by evaporation to 1 ml, and 100 ~1 of the HPLC recovery standard [‘H12]benzo[e]py- 
rene was added to determine the percentage of extract used in the HPLC step. 

Instrument conditions for HPLC cleanup 
A Spectra-Physics (San Jose, CA, U.S.A.) Model 8800 HPLC equipped with a 

recorder-integrator (Spectra-Physics, Model 4270) an ultraviolet (UV) detector 
(Spectra-Physics, Model 8450, set at 254 nm) and a refractive index (RI) detector 
(Model LC-25, Perkin-Elmer, Norwalk, CT, U.S.A.) were interfaced to a Gilson 
(Middleton, WI, U.S.A.) Model 231/401 autosampler. Two HPLC columns, 250 x 
4.6 mm stainless steel, each packed with Partisil IO-pm PAC (alkylnitrile-substituted 
secondary alkylamine bonded phase, “amino-cyano”; Phenomenex, Torrance, CA, 
U.S.A.) were connected in series after a 2-pm in-line filter (Model 7302, Rheodyne, 
Cotati, CA, U.S.A.). The HPLC columns were connected to a six-port valve (Rheo- 
dyne, Model 7000) to allow for a reversal of solvent flow to the columns (backflush). 
The HPLC solvent, methyl tert.-butyl ether (MTBE, “high purity solvent”, American 
Burdick & Jackson, Muskegon, MI, U.S.A.), was reported by Millerr to be compat- 
ible with chromatographing polar compounds on the amino-cyan0 columns. How- 
ever, we found that MTBE caused leaks in some PTFE seals, apparently because this 
solvent shrinks PTFE”, so we used Kel-F seals when possible. The MTBE was 
degassed with helium delivered by a regulator equipped with a stainless-steel dia- 
phragm. The helium was passed through an in-line charcoal filter (200-ml “hydrocar- 
bon trap”, Alltech, Deerfield, IL, U.S.A.) to eliminate contaminants which may be 
transferred by the helium to the HPLC solvent. 

Cleanup of sediment extracts 
MTBE (2 ml) was added to the sediment extract, and the solvent (methylene 
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chloride) was displaced by the MTRE as the volume was reduced to 1 ml. A portion 
of this extract (100 ~1) was injected onto the columns using the autosampler. The 
elution was isocratic, 1009/o MTBE at a flow of 2 ml/min for 18 min. The Gilson 
automatic fraction collector (Model 201C; equipped with a collection valve contain- 
ing Kel-F seals, Neptune Research, Northbrook, MA, U.S.A.) was calibrated to 
collect a fraction from the beginning of the [ZH,z]benzo[e]pyrene elution to the end of 
the coprostanol elution (from 4.2 to 5.8 min). The coprostanol fraction was collected 
into a conicai centrifuge tube (part No. 73785, Kimble Glass, Toledo, OH, U.S.A.). 
The HPLC columns were backflushed at the completion of fraction collection (from 6 
to 16 min) to rapidly remove the remaining polar components from the column. 

Hexane (2 ml) was added to the coprostanol fraction and the solvent (MTBE) 
was displaced by the hexane as the volume was reduced by evaporation to 1 ml. Then, 
10 yl of the GC internal standard (HMB) was added, and the volume was further 
reduced, under nitrogen, to about 100~1. 

Bis(trimethylsilyl)-trifluoroacetamide (BSTFA with 1% TMCS, Regisil RC-Z; 
100 1~1; Regis, Morton Grove. IL. U.S.A.) was added to 50 ~1 of the coprostanol 
fraction (in hexane), and the mixture was heated on a vial heating module (Pierce, 
Rockford, IL. U.S.A.) at 60°C for 1 h*“,*‘. This mixture was stored in the freezer 
until GC analyses could be conducted. 

Analysis by GC-FID or GC-MS ef the sediment ,fiactions 
The coprostanol fraction from the sediment extracts and the derivatized frac- 

tions were analyzed by capillary GC-FID or GC-MS. A 30 rn x 0.25 mm DB-5 
capillary column (J & W Scientific. Folsom, CA, U.S.A.) was used in a Hewlett- 
Packard Model 5880A GC system. The sample (3 ,ul) was injected splitless, and the 
split valve was opened after 30 s. An oven temperature of 50°C was held for 1 min and 
then programmed at 4”C/min to 21O”C, at 2”C/min to 280°C and at &“C/min to 300°C. 
Helium was the carrier gas, and the flow-rate was set to 30 cm/s at 300°C. Quantita- 
tion was made using androstanol as the internal standard. 

RESIJLTS 

AnalJ,ses b_v GC.-FlD and GC-MS for coprostanol in sediment extracts 
Extracts from Duwamish III and Kellogg Island sediments (n = 5 for each 

sediment) were cleaned up by HPLC, and the resulting fractions were analyzed for 
coprostanol by GC-FID. A portion of each fraction was derivatized with BSTFA 
and was analyzed for the trimethylsilyl ether of coprostanol. The results are shown in 
Table I. 

One underivatized and one derivatized fraction from the Kellogg Island sedi- 
ment and one derivatized fraction from the Duwamish ITT reference material were 
also analyzed by GC MS to search for any compounds which could interfere with the 
quantitation of coprostanol and also to compare the quantitations by GC-FTD and 
GC-MS (Table I). The GC-MS determinations of coprostanol agreed well with the 
GC-FID results for all the samples (Table I). 

In a previous analysis of the Kellogg Island sediment by the column chroma- 
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tographic procedure of MacLeod et al.‘“, a “cholestadienol” interferent was found 

which coeluted with coprostanol on the DB-5 GC column. This cholestadienol in- 
terferent had the same molecular weight (384) and fragment ions (m/z 367, 351, 255 
and 2 13) as cholesta-5,22-dien-3P-01, which was tentatively identified (from the mass 
spectrum) by Matusik et al. ” No cholestadienol interferent was found in any of the . 
sediment fractions cleaned up by HPLC, indicating a satisfactory separation of this 
compound from coprostanol. 

Epicoprostanol, a product of bacterial action on sewage sludge during diges- 
tion”, coeluted with coprostanol on the DB-5 capillary column (see Discussion). 
This was unexpected because in previous analyses (cu. l-2 years earlier), the DB-5 
columns in use separated the epimers by about 0.8 min. Because coprostanol and 
epicoprostanol have similar mass spectra, neither selected ion monitoring nor the 
full-scan mode could effectively distinguish the coeluting epimers. FID also would be 
unable to differentiate between these compounds. CC-MS chromatograms of one 
Kellogg Island fraction, both before (Fig. IA) and after derivatization (Fig. IB), are 
shown in order to demonstrate the resolution of the epimers after derivatization. 

Statistical comparisons qf umounts of’coprostanol in derivatized vs. underivatized sedi- 
ment extracts 

When concentrations of coprostanol in underivatized fractions from Kellogg 
Island sediment were compared by Student’s t-test (paired) to those in portions of the 
same fractions derivatized with BSTFA, a significant difference was found; the un- 
derivatized fractions had larger concentrations of coprostanol (Table I). In contrast, 
the concentrations of coprostanol in underivatized and derivatized extracts of Du- 
wamish III reference sediments (Table I) were not significantly different by Student’s 
t-test (paired). 

Stutisticul comparisons of amounts of coprostanol in Duwamish III sediment reference 
material cleaned up by two d@erent methods 

Concentrations of coprostanol in samples of Duwamish ITT sediment reference 
material analyzed by the HPLC cleanup (n = 15) were compared statistically to those 
in Duwamish III samples cleaned up by the column chromatography method of 
MacLeod ef al.lS (quality assurance for NS&T, 1984-1985; PI= 29); no differences 
were found (Table II). 

Analyses,for coprostanol in sediment samples from California 
Several sediments samples, collected in California for the NS&T Program, were 

extracted, cleaned up by the HPLC method, derivatized, and analyzed for coprosta- 
no1 (Table III). These samples were chosen, based on analyses for coprostanol in 
sediments collected at these sites in earlier years, to include a range of coprostanol 
contamination levels. The lowest coprostanol concentrations were found at the non- 
urban site, Dana Point, located between San Diego and Los Angeles, while the high- 
est levels were in Santa Monica Bay, adjacent to the Hyperion sewer outfall (Table 
III). San Pedro Outer Harbor and South San Diego Bay showed intermediate levels 
of contamination. The variability among the three stations from each site is due to the 
individual samples taken at each station rather than to analytical method variability; 
note that the duplicate samples (San Pedro Outer Harbor-C) were in good agreement. 
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A 

Retention time (min) 

B 

17 33 50 

CoPtPPI 

67 

67 

269 

83 

Retention time (min) 
Fig. I. GC MS chromatogram of the sediment extract from Kellogg Island after HPLC cleanup and 
fractionation (see Experimental for details). (A) Prior to derivatization, coprostanol and epicoprostanol 
coelute. (B) The fraction resulting from HPLC cleanup was derivatized with BSTFA and the epimers were 
resolved. Abbreviations: HMB = hcxamethylbenzene; AND = androstanol; dBeP = [2H,,]benzo[e]py- 
rene: COP = coprostdnol; EPI = epicoprostanot. 
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COMPARISON OF MEAN CONCENTRATIONS OF COPROSTANOL [F-. ng’g, DRY WEIGHT, 
(R.S.D., o/b)] AND MEAN PERCENT RECOVERIES OF THE INTERNAL STANDARD, ANDROS- 
TANOL. IN DUWAMISH III REFERENCE MATERIAL SEDlMENTS CLEANED UP BY HPLC 
AND BY A COLUMN CIIROMATOGRAPHIC’ METHOD 

Cleanup + yuantitatim method I’opro,rtlinol” Andmtunol n 

? ! R.S.D./ 7.4 wcmwry !R.S.D.) 
__~_~ ~_--__ 

HPLC + GC-FIDh 900 (24) 89 (27) 15 
Column chromatography + IX-FID’ 860 (2X) Xb (20) 29 

~~____~ ~___~~ ~~ 

u The concentrations of coprostanol found by the two methods were not statistically different by 
Student’s f-test. 

b All samples were analyzed by the HPLC cleanup method described in this manuscript. Ten 
samples were part of the quality assurance program for NS&T Program (1986-1988)‘“. 

’ Analyzed by an earlier column chromatographic cleanup method” as a part of the quality assur- 
ance for the NS&T Program (1984~ 1985). 

The limit of detection for coprostanol was < 14s 9 rig/g,, dry weight (n= 7, from 
methods blanks). For the spiked blanks (n= 3). mean percent recoveries of coprosta- 
no1 were 98 f 12 and the mean percent recoveries of androstanol were 90 It 23. 

DISCUSSION 

The largely automated HPLC method for isolating coprostanol from interfer- 
ing compounds in sediment extracts is a significant advance over previous methods 
which used either thin-layer or column chromatographic cleanup steps5-lo. Although 
our method is more efficient (less time per sample} than our previous procedure15, 
accuracy and precision are maintained as demonstrated by comparing results from 
analyzing the Duwamish III reference material for coprostanol by both procedures 
(Table II). 

Other advantages of the HPLC method are decreased costs of solvents and the 
ability to monitor instrument WI-‘. jitions. For example. smaller quantities of highly 
pure solvent are needed for the zic-znup step, i.e.. from lo-40% ofthe solvent used for 
typical column chromatographic cleanups5~6~‘5. Also. the ability to monitor the UV 
signal and the system pressure during the HPLC cleanup alerts the operator to prob- 
lems with the system and reduces the need to rechromatograph the extracts. 

In the first two years of the Renthic Surveillance Project of the NS&T Program 
(19841985), we conducted analyses for coprostanol in sediment by a laborious col- 
umn chromatographic procedure Is For samples collected in the years since then, we 
have used our HPLC procedure to analyze for coprostanol. Data are given for four 
sites sampled in 1986 from among the 50 NS&T sites (Table III). The degree of 
sewage contamination reflects the location of these sites with respect to sources of 
sewage. For example. relatively remote sites such as Dana Point show low levels (62 
to 96 rig/g)) of coprostanol contamination. In contrast. Santa Monica Bay, which is 
within a short distance of major urban sewage outfalls, has high levels of coprostanol 
from sewage (4700-l 5 000 ngig). Coprostanol levels in sediments from more typical 
urban sites fall between these concentrations. The urban South San Diego Bay and 
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San Pedro Outer Harbor sites, receiving general urban runoff and vessel sewage 
inputs, have coprostanol concentrations from 310 to 1000 rig/g.. 

The range of coprostanol concentrations found in sediments at these California 
sites is typical of those reported by researchers working in other locations. Hatcher 
and McGillivary23 report a range of 56 to 5200 rig/g coprostanol in sediment for sites 
in the New York Bight; Readman et al. lo found a range of 1400 to 9000 for estuaries 
in the U.K.; Goodfellow et al.” report levels of 3 to 13 500 rig/g for Clyde Estuary in 
Glasgow, U.K.; and Itoh and Tatsukawaz4 find coprostanol levels of 300 to 3600 
rig/g in sediments from Osaka Bay, Japan. 

Some of these earlier coprostanol measurements may not be strictly compara- 
ble with our results. For example, coprostanol determinations, especially those ob- 
tained from packed GC columns, may be artificially high due to coeluting com- 
pounds, such as cholesta-5,22-dien-3fi-ol and epicoprostanol. Although we separated 
cholestadienol from coprostanol in the HPLC cleanup step, epicoprostanol was only 
partially resolved. Therefore, it was necessary to assure the separation of the epimers 
in the CC analysis. Before derivatization, the coprostanol concentration in the Kel- 
logg Island extract -a sum of the concentrations of the epimers- was 30% high (Table 
I). After a simple derivatization with BSTFA, the trimethylsilyl ethers of the epimers 
were resolved on the DB-5 GC column (Fig. 1B). 

In conclusion, the HPLC cleanup method for isolating coprostanol is rapid, 
precise and efficient. Also, the cleanup can be totally automated. Use of this method 
will permit environmental managers to assess the extent of sewage pollution more 
rapidly and less expensively. Derivatization of the coprostanol fraction from the 
cleanup step is recommended because: (a) epicoprostanol is often present in samples 
in significant amounts; (b) coprostanol and epicoprostanol are reliably separated on 
the DB-5 GC column only when derivatized; and (c) the condition of the CC column 
is not as critical in obtaining sharp peaks and good resolution from derivatized com- 
pounds. 
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