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Abstract,
periphvton in water quality assessment. Peri

site In each of three siteams in eastarn
anaiyzed for chlorophyll 2 concence, rate of

12 of the 30 accounted for more than $9% of ¢

and chlorine contaminated sites respectivel
algae (18:3w3 or a-linolenic acid) and d

yton,
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Increasing efforts are being devoted to the
use of periphvton for environmentai assess-
ment. This tendency is a consequence of oeriph-
YtOR's ubiquity, sensitivity to environmental
perrurbations, and high turnover rate. Becausa
periphytor is the foundation of manyv food
cnhains, factors that control its dynamics may
have important implications for entize aquatic
ecosystems. Natural and artificial substrates
supporting complex perichyric assemblages can
be coilected and transported easily with littie
disturbance, and thus are useful for toxicity
studies. Historically, periphyton assamblage
composition, chlorophyll content, and photo-
synthetic rate have been the principal pararn-
grers used for environmental evaluation (e.g.,
Patrick 1978, Mulhoiland et al. 1986, Genter et
al. 1988, Boston et al. 1991, Steinman etal. 1992),

Lipid analyses can provide important phys-
iological and environmental information relat
2d to ecosystem function and to the distribution

A manipulative experiment was conducted 20 evaluate a biochemical method for using

payton assemblages that deveioped in situ on ceramic
tiles placed in a reference site in one scream wera transterred i

nto a reference site and a polluted

Teanessee, Samples of perivhyton from each sits were

photosvnthasis (by “Cuprake), and fatry acid composition,
3, 17, and 35 days aiter being transéerrad to the sices. Chlorop

unit of chlorophvil at pollutzd sites were genearally low
Mare than 30 differenc facty acids were separated and

phyll @ and photosyntharic razes per
er than at corresponding reference sites.
idencified in the periphvron phospholipids;

the total fatty acids. Periphvton fatty-acid biomarkers
reveaied differences in the periphvton taxonomic com

Facty acid prodles indicated a shift from diacom to zr

oosition Detween reference and polluted sices.
een alga-dominated assemblages in reference

v. Individual fattv-acid biomarkers specific for gresn
fatoms (20:3w3 or sicosapentaenoic acid} proved particularly
useful in quantifving the periphyron r2sponse to chlorine, The u
may evolve into a quantitative automated mechod for measuring ¢

se of algal signature fatry acids
hlorine effect on stream periph-

fattv acids, lipids, stream biological monitoring, water quatity, chioro-

of lipophilic contaminants (Hadley 1983, 1989,
Napotitano et 2{. 1992). Lipids are a heteroge-
nous group of biogenic hydrophobic com-
pounds used for energy storage, reproduction,
and growth. Polar lipids (e.g,, phosphelivids
and giveolipids) are key struciural COMponents
of ceilular membranes, Phospholipids occur in
both plasma and intraceilular membranes, while
giycolipids are concentrated in chlioroplast
membranes (Kates 1970). Neutral lipids, in the
form of triacylglycerols, are an efficient and
common form of’storage material in the cytosol
of many algae, especially diatoms (Wood 1988).
Phospholipid and triacyiglyceral molecuies
contain z fixed number but a wide variety of
fatty acids. Therefore, fatty acid analyses of lip-
id classes in microorganisms allow quantifica-
tion of biomass (Tunlid and White 1992), and
at the same time they may provide taxonocrmtic
information (Lechevalier and Lechevalier 19883,

Mclntire ¢ al, (1969) used an analysis of pe-
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riphyton fatty acids to assess assemblage struc-
ture. Facty acid and amino acid analvses also
have been used to detect physiological and com-
positional changes of stream periphvton in ra-
Sponse 1o grazing pressure and irradiance
(Steinman et al. 1987, 1988). Using lipid anai-
¥ses to evaluate periphyton assemblages in an
industriaily contaminated stream, Guekert et al.
(1992} showed that membrane-to-storage lipid
ratio (MEM/STO) of periphyton deelined with
distance downsiream from s contamination
source. This increase in MEM/STO was inter-
preced as recovery from physiciogical stress.

Here we investigate the refationship betwean
conventional varameters (chlorophvil u densi-
ty, primary production) and fatty acid anaivsis
of periphyton in three eastern Tennessee streams
atfected by industrial operations. The purpose
of this study was to explore the vajue of using
the changes in the facty acid composition of
periphyton to assess environmental pollution
in stream ecosystems.

Methods
Studu site

Zast Fork Poplar Creek (EFPC) is a 3rd-order
ftream near the northeastern boundary of the
U.S. Department of Energy Oak Ridge Reser-
vation (Fig. 1), The stream originates within the
Oak Ridge Y-12 Plant; it recaives inpus from
more than 200 outfall pipes from the plant op-
eration before being intercepted by a settling
vasin (Lake Reality). The stream then Aows o
its confluence with Poplar Creek, a tributary of
the Clinch River, Algal. invertebrate, and fish
populations in EFPC have been studied inten-
sively as part of the Y-12 Plant Biological Mon-
itoring and Abatement Program (e.g., Hinzman
1991). The two sites on EFPC selected for this
study were located upstream and downstream
from Lake Reality; these sites were designated
as “poiluted” (poil) and "'reference” (ref) sites,
respectively. The two sites were similar with
respect to ambient light and nutrient concen-
trations, but differed in other important param-
eters (Table 1), Chlorine concentrations in the
EFPC-poll site often exceed 150 pg/L. Peri-
phvton assemblages at this site were character-
ized by low taxonomic diversity (Boston et al.
1991). The EFPC-ref site was ~200 m down-
stream from Lake Reality. Although some spe-
cies of pollution-sensitive fsh and inverte-
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brates were lacking at this site, chlorine and
other contaminants wera substantially lower at
thissite than at the polluted site (Table 1), White
Ozk Creek (WOCQ) is a 2nd-order stream that
flows through the Oak Ridge National Labe-
ratory (Fig. 1). The principal sources of the base
flow in upper WOC are springs. The reference
site in WOC was inside the QRNL grounds. and
WaS upstream of most known sources of con-
taminants. In contrast, WOC-poll site was
downstream of & number of autfalls, inciuding
those containing blowdown trom cooting-tow-
2T Operations. tap water used as once~-through
coolant, and storm drainage. Mitchell Branch
{MB) is a smail scream running atong the
boundary of the Cepartment of Energy’s K-23
Site (Fig. 1). This stream fows 1.5 km from its
headwaters to its contluence with Poplar Creek.
The reference and pofluted sites on this stream
were upstream and downstream respectively of
the K-25 Site. Concentrations of total residual
chiorine were below detection at both sites.
However, activities within the K-25 Site re-
leased various erganic compounds, mercury,
copper. nickel, zing, and siiver to MB. Bicac.
cumulation studies have shown that MB was a
source of chlorinated hvdrocarbons (PCBs) to
the biota. Although PCBs have rarely bean de-
tected in K-25 Site efluents, PCBs were still
present in MB sedimenes (Martin Marietta En-
ergy Systems, inc, 1991). '

Deployment and recovery of Hies

Unglazed ceramic tiles (2.4 x 2.4 x .58 cm)
were placed in the WOC-ref site on 6 December
1991 for colonization by perivhyton. On 24 Feb- -
ruary 1992 most colonized tiles were trans-
ferred from the WOC-ref site to WOC-poll, or
to reference and polluted sites of EEPC ang MB,

_ Tiles were recovered from all sites on 3d (27

February), 17d (12 March) and 35 d (31 March)
following the transfer. Tiles collected from each
site were carefully placed in buckers with stream
water and transported to the laboratory.

Carbornt uptake

In the laboratory, tiles were placed into 2-L
glass incubation chambers in which 1 L of stream
water from the site was recirculated by a pump.
Fifteen tiles from each site were piaced in each
chamber. Incubation was carried out under a
constantillumination (400 umol quantam™3s~!)
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Fic. I Study area showing White Oak Cresk, East Fork Poplar Creek, Mitchell Branceh, and the location
of reference and poiluted sites in reladonship to Oak Ridge National Laboratory, the Y-12 Plant, and the
K-25 Site in Tennessee, USA. Arrows show dow direction in the Clinch River.

provided by a 1000-W metal halide lamp. Warter
temperature at zach of the six sites differed
slightly, so the temperature for the incubations
was set at 12°C, which was within 5°C of all of
the sites. Ten pCi NaH"“CO, (specific activity =
1.2 uCi/mmol: New England Nuclszr) was add-
2d to each chamber, and the tiles were incu-
bated in the radiolabeled water for 43 min. The
incubations were terminated bv rinsing the tiles
twice with fresh stream water and immediately
placing them into solvents for the exiractions
of lipids and chloropnyvil. Three of the 13 tiles

from each chamber were placed in individual
oottles concaining 10 mL of dimethvisulfoxide
(DMS0) and extracted overnight. DMSO ex-
tracis both chiorophyil a and recentlv-labelled
photosynthate products {Palumbo et al. 1987).
Chlorophyll a was analyzed spectrophotometr-
ically at 664 nm before and after acidification
with three drops of | N HCL The remaining 12
tiles in the chamber were divided into three
groups of four tiles each, and the lipids of sach
of the three groups were extracted for lipid
analysis in separate containers.

Taste 1. Mean (=1 5SD) values for water quality data at reference and polluted sites in White Oak Creek,
East Fork Poplar Cresk and Mitcheil Branch. March and February 1992 averages.

Conductivity Alkalinity Hardness Total residual
Stream pH (wS/em) {mg CaCQ,;/L} (mg CaCO,/L) chiosine {ug/L)
WO ref 8.16 = 0.1 234 % 432 103 = 15 129 = 20 0.00
-pail §.13 = 0.2 3193 = 43 103 = 131 £ 17 49
EEPC.ref 8.12 = 0.07 497 = 39 109 = & 198 = 3 G.00
-poil §.11 = 0. 394 = 133 160 = 8 200 = &7 118 = 30
MB-ref 771 = 0.1 124 =3 37 =2 69 = 10 0.00
-poil 8.02 = 0.1 324 2 27 129 = 11 167 = 10 0.00
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Periphytic algae observed in White Cak Creek (WQC) -ref (Feb 26), and in WOC, East Fark Poplar
Creek {EFPC) and Mitchell Branch {MB) 17 days (March 12) and 35 days (

March 31) after transfer to the

Day 3 Day 17 Day 35
Site Diatams. Green algae Diatoms Creen algae Diatoms Green algae
WOC-ref Gomphonema Stigeoclonium T - — -
Cymbetla
Nitzchia
Enootia
Suriretla
WQC.ref, — — Achrnanthes Unidentified Nitzchia Stigevclonium
EFPC- Surirella unicellular,  Achnanihes {basal cells)
ref, MB- - Gomphonema Surirella
ref Navicula ’“
Comphaonema
Cymbella
WOC-poll — — - Stigevelonium — Stigeocionium
EFPC.poll (basai cells) {basal cejls
and short
Giaments)
¥B-pol! — -— Nitzchig A few Qedo- Navecula A few Qedo-
Navicula gonum Achranthes gonium
Achrarthes Suriretla
Surirella

' Seme blue green aigae {Piormidium) were observed in these samples,

Lipid extraciion

Tiles with radiolabeled periphyton wera ex-
traceed for lipids with a mixture of chloroform
and merhanel, using the mechod of Bligh and
Dyer (1959). The lower organic phase contain-
ing the total lipid fraction was drzined from the
original extraction jarinto a round-bottom Hask
and the soivents were removed under low pres-
sure at 30°C. Polar lipids (consisting of phos-
pholipids and glvcolivids) and triacylglycerols
were separated by preparative column chro-
matography for fatty acid composition and in-
corporation of radiolabel precursors {Cuckert et
al. 1992). an aliquot (10% of the total) from each
lipid class was assayed for “C by liquid scintii-
lation spectroscopy. These samples were pho-
tobleached by exposing them to a 1000-W lamo
overnight (~400 pmo! quanta m-* 57!) before
analysis to reduce color guenching, Fatty acid
methyl esters were prepared from phospholip-
ids By miid alkaline methanolic transesterifi-
cation (Christie 1982). The esters were separated
and identified by capiilary gas chromarography

and mass spectromerry as described by Guckert
and Cooksey (1990).

The fatty acid nomenciature used here is of
the form 18:2u5, where 18" designates the tocal
number of carbon atoms, 2" the number of cis
double bonds, and "wé” the position (&) closest -
to the aliphatic (w) end of the molecule.

Statistical analysis

Statistical comparisons were made between
sites within each stream. We acknowledge that
such comparisons test only for differences be-
fween the sites, regardless of the source of the
difference, and do not test for the effect of pol-
lution per se. Because of the lack of adequately
replicated, similar pairs of polliuted/reference
sites, inferences about causal factors are weaker
than if each site served as an experimental unit.
However, true replication of pollution effects
isdifficultto obtain in nonexperimental studies,
and experimental studies suffer from ga lack of
reaiism. Qur statistical <omparisons are meant
to provide the necessary first step of determin-
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FiG. 2. Mean (+1 3D) values of chlorophyll a. carbon uptake, and chiorophyii-specific carbon uptake of

peripiyton from reference and poiluted sites in Whit

Branch (* p < 0.05, ** » < 0.0L, n = 3).

ing if there is a difference between sites within
each stream. We attribuce differences to poliu-
tion effects, but not in a formal, statistical con-
text. Experimental units for chiorophvil ¢ and
carpon uptake analysis were individual tiles,
replicated three times at ezch site. Thrae groups
of four tiles apiece served as the experimentai
units in the lipid analyses (including the “C-
labelled lipids). Significant differences {p <005,
unless specified otherwise) between reference

and impacted periphyton at each pair of sites
were analyzed by t-tests.

Results
Periphyion
Qualitative microscopic examination of pe-

riphytor samples scraped from the tles re-
vealed a large number of diatoms at the begin-

e Oak Creek, East Fork Poplar Creek, and Mitchell

ning of the experiment (Taole 2), Filamenes of
Stigeoclonium sp. (a green alga) also were present
in WOC-ref. By day 33, Stigeoclonium basal celis
were still present at all sites, while diatoms were
no longer observed in the WOC-poll and EFPC-
pell locations. At MB, diatoms were abundant
in the periphyton assemblages both at MB-ref
and MB-poll sites (Table 2).

Chicrophull a content and carbon uptaks

At dav 3, values for chlorophyll 2 at all the
reference sites were not significantly different

- {7 > 0.03) from these of the corresponding pol-

luted site (approximately 10 ug/em?) (Fig. 2.
Chioropayil a content of periphyton in WOC-
ref and WOUC-poll decreased to < 6 ug/cm? duz-
ing the longer exposure times; in EFPC-ref
chlorophyil a increased to 37.0 ug/em?. At days
17 and 35, chiorophyil a concentrations in ref-
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Branch as determined by

erence sites tvpically were greater (p < 0.03)
than in the poiluted sites both i WOC and
EFPC(Fig.2).In MB, though, the opposite trend
was noted. There was more chlorophyll a (p <
0.03) at the polluted site than in the reference
site at day 17 (Fig. 2).

Carbon uptake by periphyton at the reference
WOC site was 2.7 #g Cam~2 h~t gn day zera,
and decreasad slightly during the experiment
(Fig. 2). Changes in total C incorporation at al|
sites exhibited similar trends to the changes in
chlorophvll 4 {Fig. 2). Carbon uptake bv pe-
rphyveon in the WCC- and EFPC-ref sites was
greater than by periphyton in polluted sites in
these streams {p < 0.05). Carbon uptake bv pe-
riphyton in MB, however, was lower at the ref-
rence site than at the poiluted site {p < 0.05
{Fig. 2).

Consistent relationships between reference
and polluted sites in the thrae streams ware
found in chlorophyll-specific rates of carbon
uptake (Fig. 2). Carbon uptake rates per unit of
chicropayll 2 in reference sites, including MB,

were greater (p < 0.03) than in the poiluted .

sites in eight of the nine
(WOC-ref/ poll pair at
<eption).

site-date combinations

day 3 was the sole ex-

Radiolabeling of lipids

[ncorporation of "C into membrane (MEM)
lipids (phospholipids and glycolipids) and stor-
age (STO) lipids {triacylglycerois) varieq among
streams and sites (Fig. 3). Neo significant differ-
2nces in MEM/STO based on the incorporation
of radicactive precursors into different lipid
fractions were observed berween reference and

polluted sites. at day 3 (p > 0.03). Howaever,

G. E. NAPOLITANO ET AL,
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Ratios of membrane lipid (phospholipid {PLlard glycolipids {GL)
[TGY in periphyton from reference and polluted sices in White Qak Creek, East
HC-NaHCO, incorporation {means =1 5D, *
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174 334 Jd 174
to storage lipid (triacvigivcarols
Fork Poplar Creek and Mitchell

7 <008, 7" p <0015 =3

MEM/STO of periphvton in WOC and EEPC.
poll sites by day 17 tended to be much greater
{7 < 0.03) than in their reference counterpars.
These differences persisted through day 33.
MEM/STO in reference and polluted periphy-
ton in MB on day 17 and day 35 varied less
{from 2.0 to 3.5) and the differences wers not
significant on sither date,

Phospholipid fatty acid (PLEA) composition

Periphyton phospholipids contained fatty ac-
ids with chain lengths ranging from 14 to 24
aroms of carbon (C14-C24) ang coneaining from
Zerotosixdoubie bonds. Mora than 50 different
fatty acids wers separated and identified {rom
these lipid fractions (e.g.. Table 3). Twelve of
the 30 fatty acids accounted for 90% of the total,
on a mole percent basis. The dominant PLFAs
in the periphyton were: 16:0 (palmitic), 16:2e7
(palmitoleic), 20:5w3, 18:3w3 {z-linolenic), 18:
2wd (linoleic), 18:1w? (cis-vaccenic), 18:1w9
(oleic), 14:0 {myristic), 20:dws {arachidonic),
trans-3-16:1, 18:4w3, 18:0 (stearic) and 16:3wd.

Periphvton PLFAs of the three streams at day
3 showed non-significant differences (p > 0.05)
berween reference and poliuted sites; on days
17 and 33, WOC and Erpc periphyton from
reference and polluted sites differed consider-
ably in their broportions of about 10 PLEAs
(Figs. 4, 5, day 17 and 33). Some of these fatty
acids {16:1w7, 16:3ws, 20:3w3, 20:4w8, 20:5w3 and
22:6w3) increased in WOC and EFPC-ref sites,
while others {trans-3-16:1, 10M=218:G, 18:1w9, 18:
3w3) increased at the polluted sites (Figs. 4, 3).
Animportant fatty acid showing significanc dif-
ferences (P < 0.03) between reference and poi-
luted sites in WOC and in EFPC was eicosa-
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pentaenoic acid (20:5w3). For example, 20:5w3
concentrations were three to four times greater
at EFPCuref 17 and 35 days after the experiment
had started. The concentrations of 20:5w3 in the
phospholipids of the periphyton from WOC-
ref and EFPC-ref sites were about 14% and 10%
respectively, while in WOC-poll and EFPC-poil
sites concentrations decreased to about 2.0% by
day 35, In contrast to 20:3w3, a-linolenic acid
(18:3w3) increased significantly at polluted sites,
so that by day 33, it was twice as prevalent at
WOC and EFPC-poil sitas,

In contrast to EFPC and WOC, phospholipid
fatty acids in the periphyton of the reference
and polluted sites in MB showed a few minor
and inconsistent differences during the exper-
iment (Fig. 6). The % of a-linolenic acid did not
differsignificantly berween the MB-ref and MB-
poll sites, while 20:53w3 increased significantty
in the polluted site.

The MEM/5TO obtained for the reference and
polluted sites of the three streams were com-
pared with an index of periphvton taxenomic
composition. This taxonomic index was defined
as the ratio between the concentrations of 18:
3w3 and 20:3w3 (characteristic fatty zcids of green
algae and diatoms respectively) in the periph-
vtarn phospholipids. The MEM/STO and 18:3w3/
20:3w3 ratios were very highly corrsiated in
WOC and in EFPC. The range of the ratios was
much smaller in MB, and there was no signif-
icant correlation between them (Fig. 7).

Discussian
Periphyion

Water chemistrv data indicated that chlorine
was 2 major contaminant at WOC-poil and EFPC-
poil, but not at MB-poil. High levels of total
residual chiorine were recorded in these two
potluted sites during the course of this exper-
iment {Table 1}). Moreover, monitoring pro-
grams in this laboratory have charzcterized these
siTeams as chronically contaminated with chlo-
rine (Hinzman 1991), Low taxonomic diversity
and the presence of certzin green algal species
{such as Stigeociomium and a smail unicellular
Pleurgcoccus-tike alga) previously were ob-
served in chlerine-polluted streams {Murray
1980, Boston et al, 1991), Although algal taxo-
nomic compesition was not examined quanti-
tatively, the scarcity of diatoms in qualitative

PERIPHYTON FATTY ACIDS IN CHLORINE-POLLUTED STREAMS
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Tasz 3. Mean and 5T of periphyton phospholip-
id fatty acids of peripnyton (mole %) from the White
Oak Creek colonization site on 24 February 1992 (n
=3

Shorthand

designarion Trivial name Mean S
i14:0 — 0.14 .01
140 myristic 3.5% 0.09
Meid:0 —_ 1.2¢ G.04
i15:0 — 0.58 G.05
2l5:0 — 0.26 .04
15:¢ e 0.36 .03
16:5u — 1.50 0.03
16:2wé —_— 0.56 g.10
16: 2w — 0.63 0.02°
Cl6PUFA — 1.62 0.09
16:1w9 — 0.57 0.04
16:1w7 ' palmitoleic 16.05 0.33
16:1wéd —_ 1.19 0.20
1&:1w3 — 0.42 .04
trams-3-16:1 — 2,29 0.27
16:0 palmitic 2212 0.57
i17:0 — 0.07 G.01
al7:0 — 0.1% g.oz
17:0 margaric 0.27 0.03
CLl8PUFA — 0.17 0.01
18:3wé r-linolenic 0.63 0.04
18:4w3 — 206 .26
18:2u6 linoleic 4.82 0.10
18:3w3 a-linclenic 10.61 .40
18:1w9 oleic 3.79 0.13
18:1w7 cis-vageenic 3.99 0.23
18:0 stearic 1.61 C.20
10Mel8:0 — 0.84 0.05
20:4wé arachidonic 2,10 .09
20:3w3 — 14.06 1.43
20:3w6 — 019 001
20:4w3 — 0.28 .03
20:2w3 — 0.12 T 0.04
20:3w3 — Q.13 .04
2071w gondoig a.14 0.04
23:0 arachidig 0.28 0.04
22:5wb -~ 0.08 0.02
22.6w3 — 0.41 .05
224w — 0.08 .02
22:5wd — 0.52 Q.15
22:4 behenic 0.10 0.01
24:0 lignoceric 0.25 0.07

observations of the periphyton at the chlorine-
poiluted sites (Tzble 2) is consistent with pre-
vious studies {Boston et al. 1991). interestingly,
the opposite trend (i.e., diatoms replacing green
algal species) was observed in periphyton after
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