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1. INTRODUCTION 

In accordance with the terms of reference from Mr Mitieli Baleivanualala, 
r.:eneral Manager, Pacific Fishing Company (PAFCO), the Institute of Natural 
Resources is providing a monitoring service to ensure that environmental 
concerns are being met in the construction of the AIDAB-funded enlargement of 
the PAFCO -factory. This report presents the results of the monitoring 
programme in 1991. Two monitoring visits were made in 1991, the first on 15 
1\/larch, and the second on 18-20 September. 

2. M ETHODS 

The monitoring programme at PAFCO consist s of the following elements : 
al Assessment of water quality at six stations, four in an arc around the 
plant, one on the inside of the reef opposite the plant, and one at the entrance 
to t he harbour in t h13 gap in the reef (see Fig. 2.1). Water quality parameters 
are: Secchi depth; d issolved oxygen profile; salinity and temperature profile; 
nitrate and phosphate from surface and depth; total and faecal coliforms from 
the surface and from the seawater intake for the cannery. 

b) Analysis of sediment trap samp les from a reef site (station 5) and a 
nearshore site {s tation 4). Parameters are sedimentation rate, type of sediment, 
and tota l organic carbon of sediment. 

c) Assessment of cora l at three quadrats established at a reef site (site Al 
and three established at an inshore site near the cannery (s ite Bl. Monitoring 
consists of quantitatively ass essing the species and living coca/ cover. 

d) Inspection of the quarry. 

e) Inspectio n of the rec lamation . 

The dates o·f monitoring have been as follovvs: 

June, 1990 Baseline study 
October, 1990 First mpnitoring visit 
March, 1991 Second monitoring visit 
Septembe r, 1991 Third monitoring v isit 

(some brief additional visits have also been made from time to time) 

This report deals w ith the second and third monitoring visits, made during 
1991. At the time of the second monitoring visit, the reclamation was 
approximately 75 % completed. At the time of the third visit, the land 
reclamation was complete. The outfall ipe had been laid but the pump was not 
ins ta lie and connections had not been made. Waste water continued to be 
discharged over and through the wal ls of t he factory. 
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3. RESULTS 

The results of the monitoring visits were as tallows: 

3.1 Water Quality 

M arch, 1991 

Water c larity, as m easured by how deep the field worker could see a standard 
Secchi d isc, showed marked variations with distance frotr1 the factory. The sites 
closest to the factory wall showed the lowest water clarity, with a Secchi depth 
of 1 .. 5 to 2 m. Further away at site 4, the clarity increased to greater than 3 m, 
and , at the pass through the reef, water clarity exceeded 7 m. 

Temperaturn results showed tt1e water had warmed about two degrees 
Centigrade from the previous visit in October, presurneably as a result of solar 
heating in the summer season. No effect of the factory on the temperature 
profile could be discerned. The salinity probe malfunctioned during the visit, but 
the data that was o btained from station 3 showed that the salinity had dropped 
from the prev ious average of 33. 5 parts per thousand to 32 ppt, presumeably 
bec.; ause of t he effect of the wet season on the average salinity of surflcial 
waters. 

Dissolved oxygen pro files showed near sat uration values ("" 5.8 pprnl at most 
sites. However, one site near the plant {site 3) showed oxygen depletion 
occurring at the bottom (0.8 ppm), w hlch may have been due to decomposition 
of wastes from the cannery. 

Nitrate levels were €rtriched at the surface at two sites near tt1e plant. As 
before, background levels were < 0. 1 5 ppm at the reef sites and at depth, but 
surface values at si t es 2 and 4 were higher (.34 and .27 ppm respectively}, 
suggesting enrichment from factory wastes. Phosphate values were low, 
hovering around the detection limit of. 0.015 ppm, but the surface value at site 
1 was elevated, again suggesting some enrichment from the factory. 

Bacterial level in this March visit were high at all four sites around the plant. 
The levels of total coliforms varied from 27,000 to 260,000/100 ml and the 
level of faecal coliforms variecl from 155 to 1, 1 50/1 00 ml. At the offshore sites 
by the reef , t he bacterial llwels were at background levels (average of 275 total 
colifo rm s/100 mL, 8 t· acal/100 ml.). Th e levels in the seawater intake, which 
draws water from mid-lagoon for fish thawing, were acceptable, with 80 total 
coliforms and 4 faecal co liforms/ 100 ml. These results indicate that the plant 
has a pronounced effect on the bactedal quality of the surrounding water, but 
that these effects are !imited to the immediate vicinity of the plant . 
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September , 1991 

In the Septemb er visit, water clarity was excellent at the reef sites with a 
Secchi depth of 16 m at site 6 in the passage through the reef. Around the 
cannery, the water clarity was much reduced, to a meter or less at sites 2 and 
3. Reduction in water clarity appeared to be due in large part to the w astes 
coming from the plant. 

Water t emperatures had dropped back down to typical winter temperatures for 
Fiji, .a veraging 25 C tt1roughout, except for some warmer temperatures at the 
surface at sites 1 and 2 near the plant, which may have been due to plant run
off. Salinities were down at all sites, averaging 31 parts per thousand, with no 
apparent in1'1uence from the PAFCO fac ility. 

The disso lved oxygen levels were at or near saturation throughout, wi th no 
apparent effect from the cannery . 

Ni trate values were low at all sites at all depths ( < 10 ppm), with no apparent 
enrichment from the plant. Phosphate levels were also low, but two sites did 
show enrichment: surface waters for sites 2 and 3 were higher, with values of 
.40 and .49 ppm, compa red with less than .07 ppm at all other sites. Thes e 
high va lues are presumeab ly due to the effect of plant run -off and wastes. 

Once again, bacterial levels were high around the plant, with the two sites 
closest to the plant averaging about 150,000 total coliforms/100 ml, and 

,500 faecal col iforms/100 ml . . At t he reef sites, bacterial levels were much 
lower, averaging 1 ,7 00 total coliforms/100 ml, and 1 faecal co lifo rm/1 00ml. 
These results were very similar to the previous three visits. However, the intake 
va lues were v ery high on this visit, and would not pass international inspect ion 
tor thawing waters in a ca nnery . The samples were taken in triplicate, so there 
is very little cha nce of error . The intake samples averaged 21,700 total 
coliforms/'l 00 ml, and 4,515 faeca l co liforms/1 00 ml. 
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Table 3.1 : Secchi Depth (m} 

Site June 90 October 90 March 90 Sept 90 

1 5 2 1.5 3.5 

2 2 0.5 2 0 .5 

3 4 1 i .5 1 

4 5 3 >3 > >3 

5 10 4.5 >4 >6 

6 19 - >7 16 

Table 3 .2 : Temperature and Salinity 

Site Dept h June 90 October 90 March 91 Sept 91 

(m) T s T s T s T s 

1 0 2 6.5 34 28 28.7 26.5 30.5 

3 26.5 34 27 28.4 25 31 

2 0 26.5 33 27.5 33.5 29.0 27 3 1 

2 26.5 33 26 .5 33 .5 25.5 31 

3 0 26.5 33.5 27 33 .5 29.8 31.8 25 30.5 

3 26.5 33.5 26.5 33.5 28.8 32.2 25 31 

4 0 26 .5 33.5 26.5 33.5 28.8 25 31 

2.5 26.5 33.5 26.5 33.5 28 ,8 25 31 

5 0 26.5 33.5 26,5 33.5 29 25 3 ·1 
-

5 26 ,5 33.5 29 25 31 

6 0 26.5 33 .5 27 33 .. 5 28.5 25 31 

5 6.5 33.5 26.5 33,5 28 .5 25 3 ·1 
-
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Table 3 .3 : Dissolved Oxygen 

Site Depth June 90 October 90 March 9·1 September 91 
(m) 

1 0 5.0 6 .1 4.7 6 .5 

3 5.0 6.0 5.4 6.4 

2 0 4.5 5.5 5.8 5 .8 

2 4.5 5 .8 5 .8 5.8 

3 0 4 .0 5.6 4.6 4.9 

3 4 .0 5.8 0.8 6.2 

4 0 3.4 6 .0 4 .9 5.8 

2 .5 3 .0 5.4 4.6 6.0 

5 0 5 .5 7.2 5.8 6.4 

5 6.2 5.8 6.4 

6 0 5.5 6 .2 5.4 6.5 

5 5.5 6.2 5.4 6.5 
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Table 3.4 : Nutrients 

Site Depth June 90 Sept 90 March 91 Sept 91 

(ml N03 PO4 N0 3 PO 4 N0 3 PO 4 NO 3 P04 
-

1 0 o. 11 0 0.08 0 .17 .23 .09 .06 -

3 0 .03 0 0 .15 .04 .06 .03 

2 0 0.02 0 0 .04 0 .34 .04 <.06 .40 

2 0,05 0 0.03 0 . 11 .02 <.06 .03 

3 0 0.08 0 0.05 0 .1 7 .04 <.06 .49 

3 0.04 0 0.06 0 . 13 .05 <.06 .03 

4 0 0.03 0 0.15 0 .27 .02 .08 .07 

2.5 0.35 0 0.07 0 .10 .02 .08 .03 

5 0 0.45 0 .53 0 .02 0 .05 .02 <.06 <.01 

5 0.04 0 .05 .02 <.06 .04 

6 0 0.09 0 .1'1 .02 < .06 .06 

5 0.12 0 0.06 0 .08 .03 .08 .04 



. Site June 90 

Totaf Faecal 

1 >2,000 475 

I 2 >2,000 >2,000 

':l > 2,000 4,060 ..., 

4 >'£,000 > 2,000 

5 2,875 670 

6 41 12 

Intake ·i ,480 150 

8 

Table 3.5 : Bacteria 

October 90 March 91 

Total Faeca l Total 

100,000 <1 260,000 

23,300 190 190,000 

53 ,000 20,000 87,000 

1.9x106 6,000 27,000 

150 <1 300 

200 <1 250 

720 <1 80 

* average of dup licate 
... * average of tr iplicate 

Faecal 

455 

355 

1,150 

680 

6 

10 

4 

September 91 

Total Faecal 

3,700* 4* 

153,000 7,550* 

144,000* 5,500* 

17,500 * 103* 

664* 2 * 

1,930* < 1 * 

21, 700** 4 ,5 15 ..... 
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3.2 Sediment Trap Samples 

A sediment trap was insta.lled at site C, off the end of the Cession site wharf 
between the quarry and the construction site, on 23 November, 1990. It was 
recovered on 19 September, 1991, for a deployment time of 300 days . Wet 
weight of the sediment samp le w as 1567 g, which gives a sedimentation rate 
of 1567 g/0 . 28 m 2/300 days = 18. 7 g/m 2/day at 3 m depth, or 6.2 g/m 2 /day 
per meter of water column . 

A sediment trap vvas deployed at slte B, near the construction site, on 23 
November, 1990. and recovered on 13 March, 1991. The wet weight of the 
sediment sample was 1418 g, which gives a sedimentation rate of 141 Sg/0.28 
ni2/110 days = 46.0 g/m2/day at 4 m depth, or 11 . 5 g/m 2/dav per meter of 
water column. The previous deployment at this site (June to October, 1990), 
which was probably the time of maximum disturbance at the reclamation site, 
showed a sedimentation rate of 15.5 g/m 2/day per meter of wate r column. 

A sediment trap was deployed at the reef site (site Al on 26 October, 1990, bu t 
it was removed by fishermen before the return trip on 13 March, 1991. The 
previous dep loyment at th is site (June to October, 1990} showed a 
sedimentation rate of 3 g/m 2/day at 2 m depth .. or 1.5 g/rn 2 /day per meter of 
water column . Th is sed iment was fine coral scJnd with no anoxic smell . 

Table 3.6: Summary of Sediment Trap Data 

Site June-Oct 1990 Nov-March 199·1 Nov-Sept 1991 
(g/m 2/day/ml (g / m 2/day/m) (g/m 2/day/m) 

~ i te A {reef) 1.5 trap removed 

Site B (near 15.5 11.5 
plant) 

Si te C {between 6. 2 
plant and quarry) 

-

' 
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3 .3 Coral Survey 

At t he reef site {site A in Figure 3. 1 ), the nature of the coral reef appeared 
unchanged. Growth continued luxuriant, The corals in the three quadrats were 
in good condition with obv ious growth in many of the colonies [see sequential 
photo graphs in Figure 3.2). The living cover averaged 66.2% with the range 
within the quadrats varying from 55.8% to 81.6%. Compared with the initial 
measu re ment, t he percentage of living cover had increased in the sample period 
on an average of 5.5 %. Quad rat 2 was an exception due to the contracted 
state of the soft coral Sinularia sp. which was recorded initially as having 
greater coverage in the expanded state. 

At the inshore site {site B in Figure 3.1) living coral cover for the three quadrats 
averaged 30 .5% . Two quadrats, 1 and 3, showed an increase of 4.6% and 
6.7% living cover res pectively, with no apparent mortality and no change in 
species compo sition. Ouadrat 2 had been damaged, apparently by a dragging 
anchor, and some coral had completely disappeared. This damage was not a 
result of w ater quality problems. The sequential photographs in Figure 3.3 
show the cons istent nature of the inshore cora l deve lopment. 



Figure 3.1: Map Showing Location of Field Wot I< 

Water qui:llity monitoring sites mo indicated as stations 1 to 6 . Ttio two 
bio log ical s ites, euch with throe QUDclrot·s, a ,e <Jt SiLGs A a11d 8. Tho sediment 
traps are located near stations 4 ancJ 5, and at site C . 
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Figure 3.2: Photographs of tl1e Ouadrnts at Balavu Reef 

This f ig ure compa res photographs of a patch reef near th e entrance to Levuka 
Ha, bour (site A in Figu re 3.1) before and after U1e PAFCO reclarna lio n project . 
The sket c h below shows th e locat ions of the quadrats w hic h were studied in 
detail. 
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Photographs of Patch Reef Site at Balavu Reef 
20 June, 1990 

20 Sepernber, 199 ·1 
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Photographs of Quadrat 1, Balavu Reef 
20 June, ·1990 

20 September, 199 1 
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Balavu Reet, Quadrat 1 

Speci es present, line transect measurements (a -cl, and percentage of living 
cover. 

Line Species Transect Length Living 
Measurement (cm) Cover 

(cm) (%) 

a Pocillopora damicornis 0 - 20 20 10 

Acropora elseyi 20 - 76 56 28 

Poci /lopora damicornis 77 - 160 83 41.5 

Porites sp. 1 72 - 200 28 14 

r=93.5 

b Poci llopora damicornis. 20 - 24 4 2 -
Acropora elseyi 25 - 30 5 2.5 

Acropora elseyi 40 - 50 10 5 

Pocillopora damicornis 50 - 60 10 5 

Acropora elseyi 60 - 125 65 32.5 

Poc il!opora damicornis 135 - 145 10 5 

Por ites sp. 186 - 'J95 9 4.5 

l = 56.5 

C Acropora elseyi 0 - 80 80 40 

Poci llopora domicorn is 80 - 200 120 60 

~ ==- 100 

Living Coral Cover = 83% + 20 
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Photograph of Guadrat 2 at Ba!c1vu Reef 

20 June, 1990 

20 September, 19 9 1 
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Balavu Reef, Quadrat 2 

Species present, line transect measurements (a-c}, and the percentage of living 
colour: 

line Species Transect Length Living 
Measurement (cm) Cover 

{cm) {%) 

a Sinularia sp. 0 - 10 10 5 

Pocillopora damicornis 20 - 40 20 10 

Acropora nobilis 45 - 65 20 10 

Sinularia sp. 95 - 105 10 5 

PociJlopora damicornis 105 - 125 20 10 

Sinularia sp. 125 - 130 5 2.5 

Pocillopora darnicornis 140 - 145 5 2,5 

:Z::=45 

b Acropora millepora 20 - 40 20 10 

Acropora elseyi 40 - 60 20 10 

Pocillopora damicornis 105-120 15 7.5 

Acropora nobilis 120 - 164 44 22 

Pocillopora damicornis 1 65 - 195 30 15 

t=64.5 

C Poci llopora darnicorn is 10 - 14 4 2 

Pocillopora damicornis 15 - 33 18 9 

Sinu laria sp . 50 - 55 5 2.5 

Sinularia sp. ( 93 - 11 0 17 8.5 

Sinularia sp. 1 28 - 140 12 6 

Pocil!opora damicornis 140 .. 200 60 30 

L =: 58 

living Coral Cover = 55.8 + 8.1 
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Photographs of Quadrat 3 , Ba lavu Reef 

20 June, 1990 

20 September, 1991 
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Bala vu Reef, Ouadrat 3 

Line Species Transect Length Living 
Measurement (cm) Cover 

(cm) (%) 

a Pocillopora damicornis 15 - 20 5 2.5 

Acropora elseyi 45 - 75 30 15 

Poci ll opora damicornis 80 - 102 22 11 

Pocillopora damicorn is 140 - 155 15 7.5 

Acro pora nasuta 155-170 15 7.5 

Pocillopora damicornis 172 - 195 23 ·11 .5 

L = 55 

b Acropora mi llepora 5 - 20 15 7 .5 

Acropora elseyi 27 - 45 17 8.5 

Acropora formosa 45 - 70 25 12.5 

Acropora elseyi 75 - 80 5 2.5 

Acropora millepora 85 - 95 10 5 

Acropora formosa 100 - 115 15 7 .5 

Acropora nasut a 143 - 145 2 1 

Acropora nasuta 180 - 200 20 10 

l = 54.5 

C Pocillopora damicorn is 0 - 40 40 20 

Acropora nobil is 45 - 80 35 17.5 

Acropora nobilis 95 - 125 30 15 

Pocillopora damicornis 150 - 165 15 7.5 
• 

Acropora formosa 165 - 175 10 5 

Acropora nasuta 175-195 20 10 

Z:=75 

Living Coral Cover = 61.5% + 9 . 1 % 
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Figure 3.3: Photographs of the Quadrats at t!Hl Inshore Sile 

This figure compares photographs of a patch reef adjacent to the Levuka pier 
(site B tn Figure 3 .1) before and after the PAFCO rec lamation. The following 
sketch shows the locat ion of the three quadrnts which were studied in detai l. 
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Photographs of Quadrat 1, Inshore Site 
6 November, 1990 

20 September, 1991 
(Note growth evident in coryrnbose cora ls, but also 

note disappearance of coral colony in the foreground.) 
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Insho re Area, Quadrat 1: 

Line Species Transect Length Living 
IV/easurement {cm) Cover 

(cm} (%) 

a Sin ula ri a sp. 0 - 15 15 7.5 

Porites sp. 67 - 72 5 2.5 

Pocil!opora damicornis 8 5 - 125 40 20 

Poci llopora damicorn is 192 - 200 8 4 

L=34 

b Pocil lopora damicornis 23 - 26 3 1.5 

Echino pora lame l!osa 55 - 70 15 7,5 

Poci ll opora damicornis 80 - 85 5 2.5 

Acropora nobi lis 105 - ·120 15 7.5 

Pocillopora damicornis 150 -200 50 25 

L=44 

C Pocil lopora damicornis 50 - 70 20 10 

Pocil lopora damicorn is 100- 105 5 2.5 

Acropora mi ll epora 1 05 - 11 5 10 5 

Pocillopora damicornis 11 5 - 120 5 2.5 

Por ites sp . 125-132 7 3.5 

Acropo ra nobi lis 135-155 20 10 

Ech inopora lamel losa 160-165 5 2.5 

Acropora sp. 167-172 5 2.5 

Acropora sp. 190 - 200 10 5 

I=43.5 

Living Coral Cover == 40.5 + 3.7 
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Photographs of Quadrat 2, Inshore Site 

6 November, 1990 

20 September, 1991 



25 

Inshore Area, Ouadrat 2: 

Line Species Transect Length Living 
Measurement (cm} Cover 

(cm) (%} 

a Porltes sp. 0 - 10 10 5 

Fungia sp. 78 - 92 12 6 

I= 11 

b Acropora sp. 5 - 7 2 1 

Porites sp. 103 - 105 2 1 

Porites sp. 160 - 163 3 1.5 

L=3.5 

C Pavona descussata 12 - 14 2 1 

Echinopora lame llosa 54 - 65 1 1 5.5 

Porites sp. 70 - 75 5 2.5 

Porites sp. 94 - 96 2 1 

Fungia 104 - 105 1 0.5 

Pocil lopora damicorn is 115 - 1 20 5 2.5 

r= 13 

living Coral Cover == 9.2% + 4.1 
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3.4 Inspection of Quarry Site 

March 91 Monitoring Visit 

A.t the time of this monitoring visit the quarry was in use, and a second quarry 
had been opened up at Nukutocia. The second quarry was for large revetment 
rock . No environmental inspection or requirements were associated with 
opening th is second quarry site, and it was not inspected during th is mon itoring 
visit. The main quarry site was active at the time of the visit, and the 
contractors appeared to be fo!!owing the guidel ines for benching and control ling 
erosion. 

September 91 Monitoring Visit 

At the time of this monitoring visit the quarrying had been comp leted and there 
was no sign of activity at either quarry site. The Nukutocia quarry, which was 
developed for the large revetment rock, was not inspect ed. The main quarry site 
had been left in a clean and organized fashion with benches and erosion control 
as required in the environmental assessment. However, there was no sign of 
any contract work to carry out the required reclama ti on of the site (see 
photograph in Figure 3.4). Engineer M r. John Hicks, of Reidel and Byrne, stated 
that a contract had been given to a local church group to undertake the 
reclamat ion, and that rec lamation was due to start short ly. 

3.5 Inspection of Reclamation Site 

March 91 Monitoring Visit 

At the time of th is vis it the reclamation was about 75 % comp lete. large 
revetment rock had been placed around most of the site, and reclamation 
ef forts were focussed on the site where t he cold storage facility is to be bui lt. 
~Jo environmental prob lems were evident from the construction activity . 

September 91 Monitoring Visit 

fleclamation was complete at the time of this visi t , and construction of the cold 
storage facility had begun. The replamation had proceeded as promised with 
revetment rock placed around the reclamation as required, and the stri p of park 
along the southern edge being left. This strip had not been mounded, however, 
c1nd planting efforts appeared to be minimal, so the thin strip was not effective 
in screening the container yard from the roa<.i (see photograph in Figure 3. 5). 
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Figure 3.4: Photograph of the Quarry Site, September, 1991 

Figure 3.5: Photograph of the Set-aside intended to screen the Container 
Storage Yard from the Road, Sept ember, 1991. 
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4. CONCLUSIONS 

Water Quality 

Various indicators of water quality showed the influence of the PAFCO plant 
run-off. Anomalies in the nutrients , temperature and dissolved oxygen data 
from the sites around the PAFCO facility suggest a minor impact on these 
parameters. However, the most obvious ind icators were the reduced water 
clarity and the high bacterial counts around the plant. On the September visit 
the bacterial counts in the seawater intake for the cannery greatly exceeded the 
international criteria for thawing water quality. The installation of tr1e deep 
water outfall for the cannery wastes should result in a rnarkell improvement in 
water quality in the immediate viclnity of the cannery, and further monitoring 
visits wi(I twpeful/y be able to document this improvement. 

Sed iment Traps 

At the inshore s ites adjacent to the PAFCO plant, the sediment trap data gave 
inshore sedimentation rates of 15.5, 11.5 , and 6.2 g/m 2/day per meter of water 
depth in three determinations made over the course of tt1e reclamation project. 
The data suggests that the sediment load[ng has peaked and is now decreaslng 
back to baseline level s. 

The o-ffshore site at the reef had a much lower sedimentation rate of 1.5 
g/m 2/day per meter of water depth. This estimate is based on one determination 
only , since the trap was removed by fishermen during the second deployrnent. 

8iological Monitoring 

Although the sediment loading increased at the inshore site as a result of 
construct ion activities, there was no discernible effect on the coral in the 
inshore quadrats: there was no apparent coral mortality; species composition 
remained the same ; and some growth of coral had occurred. For exampfe, live 
coral cover in quadrat 1 averaged 39.2~·c,, up from 34 .5% in the baseline study . 

At the Balavu reef site the coral cont1nucd to be luxuriant. Cora l cover had 
increased to an average of 66. 2 %/for the three quadrats, up from 60. 7 % in the 
baseline study . Species composition remained the same, and tl1ere was no 
evidence of mortality. 
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Ouarrt 

The activity at the main quarry site has ceased, and the quarry has been left in 
an orderly and acceptable state, other than a lack of progress in restoring the 
quarry. No action had been taken by the time of the last vis it to commence with 
the top soil replacement and replanting required under the terms of the 
env ironmental assessment . Th e second quarry site at Nukutoc ia, which was 
developed for revetment rock, was not mentioned in the EIA, and was not 
su rveyed in this report. 

Reclamation 

The reclamation was complete at the time of the September, ·t 991 , v 1s1t. 
Revetment rock had been placed as requ ired, and no erosion of the reclamation 
could be detected. However, the area left as a screen along the southern edge 
of the rec lamation had not been very vve!l landscaped. 




