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INTRCDUCTLON

Ever since Minz (19768} noted that the nitrate (N0 concentration

Fy

of the groundwater on (uam obften exceeds 9 mg/? NOq (2 ugi/mi NG3—N},
there has been a coocern over the hich nltrate content ol Guan's
croundwater, its major source of potable water., Recentc analyses from
the Guan Eaqvironmental Protecticn Agency [GEPAY nave shown that this
value often @xzeeds 5 mofl N)y=N.  Ine Unitad Srares Zovirnamantal
Pratecoion Azancy [(RUAY fMas sot 10 mel . MOS—H as £ne maximum acccoptawblc
srandard for potahle warer.

Nicrate itsell is pot toxic, buet nitraze is readiiy converted to
Aairrire (HDE} in Ehe luman hedy.  Dpon copversion to nitrite, Ehe
anlecele is then instrumenlal in the conversiaon of hemosiobin oo
mothemeslobin,  Methemeglobhir is remdered ineapabkle obf carrving oxvsen
to the cissues, the resulilng condirion Eeing rererred Lo oas
methemnylabisanemia (Phillips and Todd 1978).

Serivus and occasivnally fatal poisenings in infants have been
repotrted following the inpgestlon of well waters containing nitratos.
The 1933 Isoternational Stendards for Irinking water {world Health
Crranizationt states chat ingestion of nitrates in excess of 30-100
ppm (11, 3=22.6 wg/mi 504-M) by infants less than one vezr old may give
rizg to metrhemoglobinemia (Camp and Meserve 19747,

ditrite has alse been implicated as a passible cancer—-causing
drent. wLitrice, in the body, combines with other seganic coupounds to
form nitcoszoanines, same of whkich are potent carcinegens (Philiips

A Toadd 19740,



L=

Thie source of groundwater nitrate has been attributed to
biolozical surface phennmena {Mink 1976). The groundwater oviginabes
as rainwater, which percelates through surface soils to a
hvhen-Herzbery lens. Mink {1976} stacres that il cthe provndwarers
were in equilibrium with the natural growth and decay cwvela of
hiclegical matter, then one would expect a maxlmum of 1.0 mg/h X0,
{0.23 rp/mi ¥04-W) to be present In the water. Sinmee Lhls wa.ine i3
piten exccoded, we must seak alternative soutrces for che cause af Che
ninh levels. One possibic contributer is the heterocystous bluc-green

alga Nastoc muscovum Ag.  The legume Leucaens leuwcocephala (Lam.)

Nelit {Chamarre name: tangentangen), with ics nltrogen-Tixing root
podules, haz also been suggested as centributing fixed nitrogen to
the groundwaier {Mink 1974).

The purpese of this study is te determine what possible effecr,

i{ any, Noston muscorum has on the nitrave content af wam's ground-

water. Lf the total estimated biomass of the alga is sufficient to
accouns far the intrusion of large amounts of combined nitrogen into
the lans systems, then it mighe he pussible to control nircrate
concentrations 9¥ keeping the bicmass of N, muscerum te a minimom.

On the other hand, if {t is shown that M, muscorum plavs no more than
a mipor Tole in nittate contribution, alternative seurces must be
sougilt.

NoStoo muscarum 18 a heteregeyetous hlue—xreen alga which is

shundant on the limestone soils above Guam's northern aquifer,

Yosror muscotum ds beoen shown capable ol reducing armospheric




dinitrogen to ammonia. lE 1s ameny the most common of the nitrogen-
figine algae and Ls most abundant in trepical soil {Stewart 1973).
Scewart et al. (1967), using the acetylene reduccion technigue, Found
thal 3 species of dpstor was capable of converting acecyvlene to
erhvlene at the rate of L.62 My moles CZHZImg protein/min. If the
conversivn racion (3,.2:1) for CEHE reduced:ﬂz fixed ol Stewart ot al.
(1968} iz aseld, a value of 0,31 My moles Wo fixed/mg proteinsmin is
ohtained.

Witrofendse, bt ensvyng reshonslible Tor che reduciian of
dinitrogen to anmenia, is commoen to all nitrogen—fixing oruanisms,
ditficring vunly in minor chemical and phvsleal charvacrerlstics
{Steware 1973). Hitrosecnase consiasts of two metilloprotelns that ave
inavlive separately (Fogg 1374). Togecher they ate ahout 275,00 MW
and possess two muelvbdenum atoms at the active site, The presence
of cambined nitrogen inhibits the synthesis of nitrogensse, and
varicus other compounds such as Hi, Hzﬂ, q0 2ad CO act as competitive
inhibitnrs.

fitrogendase tequlres ATP in order to reduace nitragen. This
requitement may be rate=limiting. The ATF regquirement may alsa
zeeouns lar lighe dependency in nitrogen fixacion. dther factues
fhat have been shown to limit sitrogen fixation by nitrovendase are
losufficiens malyhdanem, lack of phesphorus and Low pd {Fogg 19740,
Aicrugen fixation iz also prevanted by desiceoaticon.

The overa!l pguation for nitrogen Flxation by nitrogenase s as
[ollows:

e

a4 T

;

L
=}
r=

+ 1ZaT?  + Wiy + LIAJF + 2T



ammonia is thus the Tirst ascable product of nicreogen TixstlIon. Tt is
incorpordated into the cellelar merabullsm as glutamine (Srewart 1972},
felease of fixed nitrosen foto the enviroomment is sccomplished
arimarily chrough decay of cthe plane tissue.  Watanabe and Kivohara

{19f0) reported that Bacillus subrilis Cohn was responsible for the

release of 40 porcent of the Celi nitrogen as ammonia in ten davs at
0% in ¥. muscorum. it has alse been shown that blue-green algae
iliberate cambined pltroper during the course of healchy growth

{Fogg 1974).

Once the atmespheric nitrogen has been {ixed in the form of
ammepiz, it then undergoes the pracess of nitrificacion te W0- and
BGy by indigencus bacteria In ine ginjl, Twn diffezrent populativns
af suil bacteria are responsible for the differcnt steps invelved

in this conversion (Alexander 1961, Flvst, the Nitroscmonas

sopulacion oxidizes ammonia to nitrite. This aitrice Is then {urther
oxidized to nitrate by the Nitrobacter pepalation. The nitrate ions
tnen persolare down through the permeable limestone [ato the fresh-

water lens where they can be detected 1o the drinking water pwoped

ap tron wells,



MATERIATS AND METHODS

Bartip field and Laborarsory scudics were conducted tao desive
infermation on che centribucion of MNostoo muscovYun bt the nitrate
content of Ouam’s groundwater. The fleld scudy consisted of
harvesting the blur=sreen aiga in selected areas ahove Goam's
nerthern aguiier in crder ce derive wvalues on biomass. Laboraterw
studies were designed to estimare the potential total aittogan
contrianced by a given amount of the alza under parcially controlied
condizions and o estcimate the totsl nitrogen contribuzed by i

Nostuc=bacteria soll system under gimulated in-situ conditions.
Escimactes of Biomass

Estimates of the biosass of Xostor muscorua on Cuam woere nado
an the basis of transects run in 2 selectad area [Baroen) ocver the
pgrouvaduwatar lens and on abkservations made in frur nonding basing
(pededo, Jarricada, Latte Zs:tates and Haricanas Terracet Zhat
discharze surfacec-storm runcit into the lens syscen.

A L0-kme arca {Fig. !} in Harmon was seloctes wierea H. muscorun
wis Lound in abundsance and conditions [ov orowbh were Tavorsble.
Biomzgse stuedies made in this arca would presumabklv sive an uoper
Limic estimate, The mumher of kilometers of roadwsvw ia the soudy
arga wia derarnined from an aerial phoccgraph ohcdined fcom che
Guar 3ureauw of Tlanoming. 90 Lie basis -7 these chseryasions, Lo

rosds were divided into three cypes! twpe 1, well truveleod, Livcie

rr

to ne W, miscorum; type D, owsed onov by locsl cratfic, ooderace

W
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ammnts af ¥, cugeeram eresent alony Lhe sides; zvpe 3, lirclo=naed,
CYCFIIUWR, M. TUSCOCAL alxancant over the enlire rosd sactace.

Twenty-wne 100-m frapnsecrs were vun along the varisus road
Lvoes during the weob monthas of Oetober throush Necenb=r, 21372,
Husbye mnscorum cover wis noeted ad 0,3 2 dntervalg, referriun oo It
1s srarse dclumps ab widely spaced intecvals), medivs weven, b oo
cotal coverl), or noavy (even, tatal cover),  Ssnples fzom varicus
Eranseacis wers abrained 1o deleriice an average drv weight Io:
sparse, mnediom and heoavy coverzzo. Avorage hiomass Sfor thoe ohroe
road typas was then determined and extrapoelated ro the entire area,
tiking inte consideration larze abandoned Toundations (vefertved to as
Jierurbed areas, DA In Fig., 1) where algal growth woas pacticutarly
abundact. The hicmass wvalue for the stwly area was then expanded to
include the entire surface area aver Guam's northern aguiler,
esCimated at 2.6x102 km® (ca. LOO gQuare miles).

Since the ponding bagin system plays a significant rvole 1o
rachargiay the lens svstem, four ponding basins (Tig. 23 were
investipated to determine if the ¥. muscorum inhakiring the basins
was abundant enough ta contribute a sigonificant amecot of Jixed
nitropgen. Since each ponding basin waries in configuerstion, drainage
and vegetaticon, different bLreznsect methods were emploved for sach of
three of the onding hasins, Marianss Terrace having no zprazent
Y. muscerum biomass (Flg. 1). The ponding basins under study were
selecied on Lhe basis of chelr lecation over the lens, theiv soil

type and accessibility.
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Figure 3.

LacAation oi eransects at che three ponding basins.

The pondiag basins illustrated are A, Dededo, B. 3arrigada
Mo. A, and C. Latte Estates ¥No. 2. Hatched areas denote
lzcation of standing water.
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Divmazs eacimates wore derived primarily by running transccots ag
shown in Fig. 2 and collecting all of the algae in a 0.25-2d quadratc
sp wither side of the transect tape cvery Jm. The dry weighe of
the algal was then extrapnlated to dnclude a 0.3 m wide srrip along
tie entire lensth of the cransect. Froem Lhis value alzal hiomass /oo
was eatimzred for che entire 0.9 o wide scrip and omeloipliied by Lhe
apprapriate facter £o account four the hottcn surtace arga of the
respective ponding basin.

A different method was enploved in che case of Latte Latatos
%u. 2. The zceurrence aof Y. muscorum was restricted to an arca
approximately 1083 m wide surrounding the maip ponding area. alsal
covor in the ramp area was determined by running two |O-m transects

aml caleulating biomass as stated above. Nostoo muscorwn survounding

the standing water was associated with low grass and thues difficult
to semole. The arca invelwved was estimated and the mean value for
sparse coverage along the road tramsects was used o derive a4 Lilomass
eriimate, The summation of the estimstes fvom the two areas provided
4 bivmass value for the ponding basin. Transect eniths were as
follows:

4. Dedede Pondirg Basln - Transect 1 {70 m)
- Trapsect 2 (110 m)

B. barrigada ¥o. 3 — Transectc 1 (232 m)

— Transect 2 (80 =)
7. Liatte Fatates ¥o. 3 - Transect - (17 =)
- Transeceg = (10 =)

. Morianas Terrace — Yo ¥osfbuo Guscorum




