
























































































































































































••
Publication (this project)

Siegel, S., Penny, P., Siegel, B., and Penny, D. 1985. AbnoSFheric

Hydrogen Sulfide Levels at the Sul};hur Bay Wildlife Area, Lake

Rotorua, Nao1 Zealand. water • .Aiu MQ SQil Pollution. In Press.

pp. l-li.

95



•

Appendix



Abnostheric Hydrogen Sulfide Levels

at the Sul};hur Bay Wildlife Area,

Lake Rotorua, New Zealand

S. M. Siegel
Dep:lrbnent of Botany
University of Hawaii at Manoa
Honolulu, Hawaii 96822 U.S.A.

Pauline Permy
Present Address: systems Laboratory
Ministry of Works and Developnent
Wellington, New Zealand

David Permy
Dep:lrtment of Biology
Massey University
Palnerston North, New Zealand

B. Z. Siegel
Pacific Bianedical Research center
University of Hawaii at Manoa
Honolulu, Hawaii 96822 U.S.A.

97



98

Abstract

At the sulIhur Bay Wildlife area on Lake Rotorua, shore and water birds

are exposed to natural B2S at concentrations of 125-3900 ppbV fran 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. sane, the Red Billed Gull and Little Black

Shag, have initiated colonization with the {:Sst half-century. We suggest that

exposure to H2S at the levels reIX>rted here may be less of a biohazard than

prerviously 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 envirormental

hydrogen sulfide (WHO 1981) •

A nllIlber of countries have established short-term (30 min) anbient air

quality standards of 6-210 pI;t>V and 24 hr averages of 3-110 ppbV. 'Ibis

canJ:ares with occupational (short term) exposure standards of 7000-10.000

ppbV, and consensus seems to be that the lower general IX>pllation limits are

dictated solely by oCbr nuisance values.

In and around Rotorua. New Zealand, ambient concentrations have exceeded

1000 ppbV at one specific site (Thorn and Douglas 1976) and at another site

(Rolfe 1980), 50 PIi>V was exceeded over 35% of the time (winter) or 20% of the

time in (summer).

Referring to general exposure episodes, WHO (1980) in Envirormental Health

Criteria noted: "For the most p3.rt, 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 P!i>V.

Exposures of animals, to atmostheric H2S have been generally related to

(human) occup3.tional levels and limited to laboratory rnarranals.

Although a snall but significant body of data exists relating to fish and

aquatic invertebrates. exposure involves dissolved H2S and is subject to

influences unique to an aqueous medium (Siegel and Siegel 1980) •

Nevertheless. when COIDJ:ared in equivalent volume/volume concentration terms

most aquatic organisns seem to be sensitive in the parts per million range.
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Considering the plucity of environnental data pertaining to mammals and

other vertebrates, the consequences for wildlife of exposures to atmostheric

H2S represents an even more unexplored aspect of eco-toxicoloqy.

As part of a program of long-term multi-station B2S IOOnitoring recently

inaugurated by this laboratory in Rotorua, NaY Zealand, air samples have been

taken in proximity to the southwest and south shorelines of Lake Rotorua.

including the well-known Sul{hur Bay Wildlife area.

Considering the iII1fX'rtance of this thermal bay as a sanctuary for gulls.

shags, Cbtterels and other species, the high concentration of H2S that we have

measured at or near the ground level, a high exposure zone for nesting birds

and their young, are of considerable ecoloqical and ~ysioloqical interest.

2. Material and Methods

Hydrogen sulfide was determined using a modified lead acetate type

procedure (Dennead 1962. Siu ~.al. 1971), the Metronics "Rotorod" Colortec

detector. which involves exposure of lead acetat~impregnatedpads mounted on

a rotating disc to the atmoSIhere for specified periods of time, then

conrr::aring the color formed with that of standards. As the method is

susceptible to subjective error, the lead acetate disc readouts were

standarized aqainst Matheson Colanan and Bell diluted reagent grade H2S by

means of Hamilton microsyringes into 800 1 or 1200 1 pIexigIass fumigation

chanbers. '1he results. varying concentration fran 5-1200 ppbV and sample time

fran 15-60 minutes shCM (Table I) that the "Colortec n discs and sampling

instruments can be readily used in the field as specified down to air

concentrations of 5 RDV. Except at the highest concentrations, IOOSt values

fOlD1d averaged 4-16% over the expected level, a discrepmcy too snall 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, nllllbers 5. 8, 9. 10, 12. and 13 were

sampled on all three da.tes; 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 an above

ground, an appro~iate height for assessnent of exposure prospects for snall

animals, sulIbur Bay bird life included.

3. Results

Fran the uncontaminated residential and p:3.rk sites at stations 27 and 11

«5 ~V), the air H2S along approximately 7 kIn 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 Goverrment Gardens canplex at 10. 32. and

33 which leads to the SulIbur Bay frontage (34-41).

Onitting the two most northerly sample stations. lake sites 5-33 range

fran 13 to 306 PJ;t>V H2S.

'll1e Bay series. 33-41, hcMever, ranges fran 125 to 3900 ppbV; but those

stations along lower SulIbur Bay create an 0.7 kIn front of at least 1200 p};t>V

H2S inJnediately exposing many hundreds to several thousands of wild fowl

located in the sulIbur Flat area.

Also seen here in the exposure zone was a vegetation screen consisting of

the important native Manuka (LeptospeIlIQJID .s.coparium) together with species of

Acacia, Betula (birch), poplar (EoM.u.s), and miscellaneous grasses and

sedges.



..-;.

•

102

In adjacent standing water, species of Alisma (water plantain), SMittar.ia

(arrOt/leaf), 'lYPha (cat-tail) and I&IJDg (duckweed) were all observed. '!hese

bay front stands were dense and plants were normally green, bearing no siqns

of necrosis or other evidence of fume damage.

4. Discussion

'!'he present stud:{ is addressed to a specific enviromental proolem.

namely. the habitats of aquatic wild fOt/l in and aromd SulIilur Bay. We

confirm previous rep:>rts that high H2S concentrations are camnon and

persistent in Rotorua ('.Ihan and Douglas 1976, Rolfe 1980), especially those

p:>rtions near the lake.

In spite of air concentrations ranging far beyond the various Ambient Air

Quality Standards cited above, the abundmce of water- and shore- birds in

this p:>rtion of Lake Rotorua suggests that "high" as comrronly used is not to

be equated with "toxic" or "hazaroous" in this wildlife area.

'!'he importance of SulIilur Bay is well documented (Innes and Taylor 1984,

Black 1954, Reid and Reid 1965) •

'!he sulIilureous waters of the bay result fran the discharge of an active

geothermal field lying under and adjacent to ,lake waters. '!'he water is warm,

turbid, hyp:>xic, shallow «2 m depth, in most tarts) and acid to ~ };1I 3.5.

'!he bottan sediments abomd in midge larvae. but the bay is devoid of aquatic

plants (unlike other less severe, p:>rtions of the lake) •

In spite of this rather forbiddinq environment to which we now add our own

measurements of H2S, 62 species of birds. 45 native. have been recorded. Sane



103

are year-around residents, others are seasonal. '!he major species observed on

the extensive silica flats extending fran the shore include:

StlliUller Breeders

Red Billed Gull (Latus scop.l.linys)

Black Billed Gull (~ bulleri)

Little Black Shag (Phalacrocorax p~irustris)

Banded Dotter! (Charadrius~)

OVerwintering Species

Dabchick (Podice.ps rufopectus)

Pied Stilt (Himantows~s)

Welcane SWallow (HirWldo neoxere)

Regular Residents*

Black SWan (c;yghus atratus)

Paradise Duck (Ta.Qo.rJlg variegata)

Mallard Duck (AnaP platyrhynchQS)

Scaup (AYthya J}QYoseelandiae)

Grey Teal (A,ngs 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 sulIhur Bay since 1939-40.

'!he colony nl.tnbered 27 nests in 1945; 150 in 1956/57; 400 in 1961/62 and about

1000 nests (i. e. mating pairs) in 1982-1984. '!he Black Bill, also endemic has

not been increasing in recent years, but numbered about 230 nests 1983/84.

Its presence at SulIhur Bay is even more striking as it is typically a South

81!iWl::t
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Island braided river breeder. 'lhe Little Black Shag was not known at SulIilur

Bay until 1978/79. but as of 1983 nearly 1000 nests were located on a snall

island near station 34.

Another endemic, the Dabchick, is a strongly seasonal bay inhabitant.

About 5% of the known world po~ation of this bird is fOlll1d in the winter

months making sulIilur Bay sanctuary a wetland of international importance.

Pied Stilt flocks of up to 170 in nunber and as marry as 700 Welcane

SWalloos have been seen at SulIilur Bay seasonally.

Considering the acranetric and bioloqical data brought together here for

the first time. it is obvious that the elective use of sulIhur Bay as a

sanctuary for a sizeable and diverse bird po~ation places in question camnon

perception as to the toxicity of H2S,

'!hese questions may awly to H2S toxicity generally but they are

especially pertinent to snaller enootherrnic organisns-whether birds or yOlll1g

marranals. With reduction in size and coounensurate increase in area per unit

bianass, the rate of heat production per unit area rises. requiring in turn a

higher rate of ~ consumption per unit tissue weight (Heilbrum. 1937, SWan

1974). '!hus a 70 kg human consumes about 0.33 an30:2 •g-1.h-l whereas the hen,

at 1.5 kg consumes 0.83 an30:2.g-1.h-l and the sp:lrroo, weighing only 20g uses

up 6.7. Naturally, these risinq demands can only be met l:¥ an elevated rate

of breathing, hence exposure of the respiratory tract to more H2S.

sanctuary birds should then be at greater risk fran H2S intoxication than

are humans. All of the present evidence suggests hooever that bird life is in

fact flourishing there. '!his in turn suggests that longer term exposures to

relatively 100 H2S concentrations may be less hazaroous that has been hitherto

aSSLnned to be the case.
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