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Abstract

At the Sulphur Bay Wildlife area on Lake Rotorua, shore and water birds
are exposed to natural HpS at concentrations of 125-3900 ppbVv fram continuous
shore and lake sources. Nevertheless, 62 bird species, 45 native, have been
recorded there. Regular residents include Red-Billed Gull, Dabchick Mallard
Duck, Black Swan and Caspian Tern. Some, the Red Billed Gull and Little Black
Shag, have initiated colonization with the past half-century. We suggest that
exposure to HyS at the levels reported here may be less of a biohazard than

previously supposed.
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1. Introduction

With the exception of those implicit in occupational health and industrial
safety standards, very little is known about exposure hazards of envirommental
hydrogen sulfide (WHO 1981).

A number of countries have established short-term (30 min) ambient air
quality standards of 6-210 ppbV and 24 hr averages of 3-110 ppbVv. This
compares with occupational (short term) exposure standards of 7000-10,000
ppbV, and consensus seems to be that the lower general population limits are
dictated solely by odor nuisance values.

In and around Rotorua, New Zealand, ambient concentrations have exceeded
1000 ppbV at one specific site (Tham and Douglas 1976) and at another site
(Rolfe 1980) , 50 ppbV was exceeded over 35% of the time (winter) or 20% of the
time in (summer).

Referring to general exposure episodes, WHO (1980) in Envirommental Health
Criteria noted: "For the most part, these events involved only annoyance
because of odor or. at worst minor temporary illness...". Even these
incidents, however. involved levels well into the parts per million range. far
above an odor threshold which may be as low as 0.5 ppbv.

Exposures of animals, to atmospheric HpS have been generally related to
(human) occupational levels and limited to laboratory mammals,

Although a small but significant body of data exists relating to fish and
aquatic invertebrates, exposure involves dissolved HpS and is subject to
influences unique to an aqueous medium (Siegel and Siegel 1980).

Nevertheless, when compared in equivalent volume/volume concentration terms

most aquatic organisms seem to be sensitive in the parts per million range.




100

Considering the paucity of enviromental data pertaining to mammals and
other vertebrates, the consequences for wildlife of exposures to atmospheric
HpS represents an even more unexplored aspect of eco-toxicology.

As part of a program of long-term multi-station HpS monitoring recently
inaugurated by this laboratory in Rotorua, New Zealand, air samples have been
taken in proximity to the southwest and south shorelines of Lake Rotorua.
including the well-known Sulphur Bay Wildlife area.

Considering the importance of this thermal bay as a sanctuary for gqulls.,
shags, dotterels and other species, the high concentration of HyS that we have
measured at or near the ground level, a high exposure zone for nesting birds

and their young, are of considerable ecological and physiological interest.

2. Material and Methods

Hydrogen sulfide was determined using a modified lead acetate type
procedure (Dermead 1962, Siu et al. 1971), the Metronics "Rotorod" Colortec
detector. which involves exposure of lead acetate-impregnated pads mounted on
a rotating disc to the atmosphere for specified periods of time, then
comparing the color formed with that of standards. As the method is
susceptible to subjective error, the lead acetate disc readouts were
standarized against Matheson Coleman and Bell diluted reagent grade HpS by
means of Hamilton microsyringes into 800 1 or 1200 1 plexiglass fumigation
chambers. The results, varying concentration fram 5-1200 ppbv and sample time
fram 15-60 minutes show (Table I) that the "Colortec" discs and sampling
instruments can be readily used in the field as specified down to air
concentrations of 5 ppbV. Except at the highest concentrations, most values
found averaged 4-16% over the expected level, a discrepancy too small to

warrant the use of correction factors.
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Sampling was carried out in Rotorua in January and July 1984 and in March
1985. Of the stations reported here, nunbers 5, 8, 9, 10, 12, and 13 were
sampled on all three dates; 32, 33, 34 and 37 were all sampled in January 1984
but on only one other field visit; all other sites were sampled only in March
1984. All samples involved the reading of duplicate Pb—acetate pads.
"Rotorod" samplers were positioned with the "Colortec™ discs 30-50 cm above
ground, an appropriate height for assessment of exposure prospects for small
animals, Sulphur Bay bird life included.

3. Results

Fram the uncontaminated residential and park sites at stations 27 and 11
(<5 ppbV) , the air HyS along approximately 7 km of lake front varies over a
wide range of concentrations (Figure 1, Table II).

Sites of relatively high exposure include park and residential locations
(12, 13), hospitals (8. 9) and the Govermment Gardens complex at 10. 32, and
33 which leads to the Sulphur Bay frontage (34-41).

Omitting the two most northerly sample stations, lake sites 5-33 range
fram 13 to 306 ppbV HyS.

The Bay series, 33-41, however, ranges fram 125 to 3900 ppbV; but those
stations along lower Sulphur Bay create an 0.7 km front of at least 1200 ppbV
HyS immediately exposing many hundreds to several thousands of wild fowl
located in the Sulphur Flat area.

Also seen here in the exposure zone was a vegetation screen consisting of
the important native Manuka (Leptospermum scoparium) together with species of
Acacia, Betula (birch), poplar (Populus), and miscellaneous grasses and

sedges.
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In adjacent standing water, species of Alisma (water plantain), Sagittaria
(arrowleaf), Typha (cat-tail) and Lemna (duckweed) were all observed. These
bay front stands were dense and plants were normally green, bearing no signs

of necrosis or other evidence of fume damage.

4. Discussion

The present study is addressed to a specific en\;iromental problem,
namely, the habitats of aquatic wild fowl in and around Sulphur Bay. We
confirm previous reports that high HyS concentrations are common and
persistent in Rotorua (Tham and Douglas 1976, Rolfe 1980), especially those
portions near the lake.

In spite of air concentrations ranging far beyond the various Ambient Air
Quality Standards cited above, the abundance of water- and shore- birds in
this portion of Lake Rotorua suggests that "high"™ as commonly used is not to
be equated with "toxic" or "hazardous" in this wildlife area.

The importance of Sulphur Bay is well documented (Innes and Taylor 1984,
Black 1954, Reid and Reid 1965).

The sulphureous waters of the bay result fram the discharge of an active
geothermal field lying under and adjacent to lake waters, The water is warm,
turbid, hypoxic, shallow (<2 m depth, in most parts) and acid to ca pH 3.5.
The bottam sediments abound in midge larvae, but the bay is devoid of aquatic
plants (unlike other less severe, portions of the lake).

In spite of this rather forbidding enviromment to which we now add our own

measurements of HyS, 62 species of birds, 45 native. have been recorded. Same
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are year-around residents, others are seasonal. The major species observed on
the extensive silica flats extending fram the shore include:
Summer Breeders

Red Billed Gull (Larus scopulinus)

Black Billed Gull (Larus bulleri)

Little Black Shag (Phalacrocorax sulcirustris)

Banded Dotterl (Charadrius bicinctus)
Overwintering Species

Dabchick (Podiceps rufopectus)

Pied stilt (Himantopus leucocephalus)

Welcome Swallow (Hirundo neoxere)
Regular Residents*

Black Swan (Cyghus atratus)

Paradise Duck (Tadorna variegata)

Mallard Duck (Anas platyrhynchos)

Scaup (Aythya novoseelandiae)

Grey Teal (Anas gibberifrons)

Black-Backed Guil (Larus dominicanus)

Caspian Tern (Sterna fusca)

*includes populations that moult or find shelter, but do not breed at the
bay.

Dynamics of bird populations are indicated by the behavior of the endemic
Red-Billed Gull which has been known to nest in Sulphur Bay since 1939-40.
The colony numbered 27 nests in 1945; 150 in 1956/57; 400 in 1961/62 and about
1000 nests (i.e. mating pairs) in 1982-1984. The Black Bill, also endemic has
not been increasing in recent years, but numbered about 230 nests 1983/84.

Its presence at Sulphur Bay is even more striking as it is typically a South
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Island braided river breeder. The Little Black Shag was not known at Sulphur
Bay until 1978/79. but as of 1983 nearly 1000 nests were located on a small
island near station 34.

Another endemic, the Dabchick, is a strongly seasonal bay inhabitant.
About 5% of the known world population of this bird is found in the winter
months making Sulphur Bay Sanctuary a wetland of international importance.

Pied Stilt flocks of up to 170 in number and as many as 700 Welcome
Swallows have been seen at Sulphur Bay seasonally.

Considering the acremetric and biological data brought together here for
the first time, it is obvious that the elective use of Sulphur Bay as a
sanctuary for a sizeable and diverse bird population places in question common
perception as to the toxicity of HpS.

These questions may apply to HpS toxicity generally but they are
especially pertinent to smaller endothermic organisms——whether birds or young
mammals. With reduction in size and commensurate increase in area per unit
biomass, the rate of heat production per unit area rises, requiring in turn a
higher rate of O consumption per unit tissue weight (Heilbrum, 1937, Swan
1974). Thus a 70 kg human consumes about 0.33 cm302-g"1-h"1 whereas the hen,
at 1.5 kg consumes 0.83 am30y+g1+h™l and the sparrow, weighing only 20g uses
up 6.7. Naturally, these rising demands can only be met by an elevated rate
of breathing, hence exposure of the respiratory tract to more HjS.

Sanctuary birds should then be at greater risk fram HpS intoxication than
are humans, All of the present evidence suggests however that bird life is in
fact flourishing there. This in turn suggests that longer term exposures to
relatively low HyS concentrations may be less hazardous that has been hitherto

assumed to be the case.
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September 6, 1985

Dr. S. M. Siegel

Botany Department

3190 laile Way, St. John 101
Honolulu, Hawaii 96822

Dear Dr. Siegel:

1 have carefully reviewed the Final Report, March 1984 -
September 1985 on lydrogen Sulfide and Health in Rotorua, New Zealand.

This report is an accurate, concise presentation of a large body of
data, meticulously acquired that when evaluated statistically presents
convincing evidence of the innocuous nature of the existing levels of
HoS in Rotorua,

Throughout the report, the consistent conclusions of no demonstrable
health hazards frcm HgS in the areas studied are striking.

This is a valuable landmark study that will command wide interest. Thank
you for the opportunity to study and comment on this work.

Sincerely yours,

S £ Tl
Fr'aanf:Z .f'fa{rah, M).'!?.

FLT:HL





