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ABSTRACT: Toxicity of sediment from Ho Chi Minh City (HCMC) on H.azteca (14-days
acute sediment ftoxicity test) was tested in this study. The amphipods H. azteca test showed that
the 9 sediment samples from 5 canals of HCMC were toxic with mortality varying from 87.5% to
100%. The reference sediment Tri An showing no acute toxicity can be considered as being a non
contaminated site. The order in mean survival in these canal samples was the following:
TriAn(76.3%)>NL-TN(10%)>KD-KT(7.5%)>TL-BC(6.3%)>TH-LG (5%)>TH-BN (0%). All
sediments of HCMC were classified as very toxic (effects greater than 50% difference from the
control - according to Burton et al., 1996). The H.azteca sediment test is interesting for the
assessment and classification of the sediment contamination in the HCM canals with the aim to
assess and manage sediment quality, including dredged material in HCMC.

1. INTRODUCTION

The objective in this research was to test the toxicity of sediment from HCMC on H.azteca (14-
days acute sediment toxicity test). Contaminants from agricultural, municipal, and industrial source
have been accumulating since some years in sediments of canals from HCMC, Vietnam. In HCMC,
there are 5 main canals (Nhieu Loc - Thi Nghe NL-TN, Tan Hoa — Lo Gom TH-LG, Tham Luong - Ben
Cat TL-BC, Kenh Doi - Kenh Te KB — KT and Tau Hu - Ben Nghe TH-BN. Waste water (domestic
water, industrial waste water and agricultural water) of HCMC is discharged into these five canals and
then to Sai Gon river. Sai Gon river is the main navigation and also the main water supply for the
HCMC. The analysis of chemical contaminants in the sediments of the HCMC canals is realized since
the 1980's and the levels of especially metallic contaminants is quite well known, however, the toxic
effect on benthic, epibenthic and aquatic communities is unknown. The application of these toxicity

assays to the sediment will enable to evaluate the potential toxicity of pollutants contained in the
sediment from HCMC.

2. MATERIALS AND METHODS

The method for culturing H. azteca, the water toxicity test with pure chemicals, the toxicity test
sediments from HCMC are described in EPS 1/RM/33 - Environment Canada - December 1997 and are
recommended by the ecoxicology laboratory of CEMAGREF, Lyon, France.

2.1 Culture techniques

The organisms used for our experiments were obtained from the Ecotoxicology laboratory of
CEMAGREF (CEMAGREEF is a research center for engineering of agriculture and environment -3bis
quai Chauveau, 69336 Lyon, France). The fist step in this research was to transport the amphipods
Hyalella azteca from CEMAGREF to the ecotoxicology laboratory of the CEFINEA (HCMC, Vietnam)
and to culture them appropriately in the conditions of our laboratory. About 100 adults amphipods were
cultured in a culture chambre: glass beakers with a volume 5L contin about 4L culture media (prepared
according the protocol of USEPA 1995). Cultures were maintained in a photoperiod of 16h light and 8h
dark with neon tube. Light intensity adjacent to the water surface in the culture chamber was
approximately 850-1000lux. Water to be used for cultures was aerated gently, the range of dissolved
‘oxygen DO was 5-6mg/l. The organisms are fed 1ml Sera Micron (5g/L) daily and 10pg Sera Golgy
three times per week. The following parameters were measured daily in the water: pH, conductivity,
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dissolved oxygen and temperature. Hyalella azteca was chosen as a test organism in this research
because this organisms has a high sensitivity, both test water and sediment tests can be conducted, they
are more tolerant to salinity than other organisms (which is important for Vietnam: a range of the
overlaying water salinity of the canal (max = 1.24%) is acceptable for H. azteca ), the generation time
is relatively short, ease of culture in the laboratory, tolerance to a wide range of sediment
physicochemical characteristics, and direct contact of the organisms with the sediment.

2.2 Sample collection

Samples stations were chosen in 5 main canals of HCMC: Nhieu Loc - Thi Nghe NL-TN, Tan
Hoa — Lo Gom TH-LG, Tham Luong - Ben Cat TL-BC, Kenh Doi - Kenh Te KB - KT and Tau Hu -
Ben Nghe TH-BN. For each canal, we monitored two stations: one upstream and one downstream. The
reference sediment was obtained from the station Tri An (upriver of Dong Nai). The samples were
sampled with Eckman Grab sampler. For each sampling station, about Scm of the top layer of sediment
were collected at a distance of 1.2m of the left and right bank. One liter of each was placed in to the 2L
plastic bottles using an inox spoon, obtaining one mixed sample for each station. Each sample
container was filled completely to exclude air. Sediments were transported in an ice box (dark, 1-4°C)
to CEFINEA and were stored at 4°Cin fridge until testing (within 2weeks)

2.3. Analysis of chemical contaminanis

The analysis of chemical. contaminants in the sediments of the HCMC canals was realized by
CEFINEA, 1999. Residues of heavy metals (Ni, Pb, Zn, Cu, Cr), PAHs and DDT exceeded the
threshold effect levels (TEL) established for H. azteca in several samples. The water quality
characteristics of the overlaying water of these sediment showed that the pH range observed was 6.1 to
8.2. High conductivity was observed in all samples (1143-1560 pS/cm) except for TL-BC2 and TH-BN2
with low values (346 and 424 uS/cm, respectively). Dissolved oxygen was relatively low in these
samples (0.1-0.7mg/1).

2.4. Acute test ecoloxicology

After the establishment of the culture of the organisms, we first applied the 96h acute water
toxicity test with some pure chemicals. This is necessary to assess, under standardized test conditions,
the relative sensitivity of the culture of H. azteca, and the precision and reliability of data produced by
our laboratory. We chose CuCl, , K;Cr,O; and two pesticides methyl parathion and diazinon for this
test. The endpoint for this test is the mortality of the organisms. A mean percent survival was
calculated for each concentration and the LCs, for each chemical was calculated using a probits/log
regression with confidence interval of 95% for each LCso.

2.5. Test with collected sediments ‘

The day before beginning the test, samples were homogenized using an inox spoon and sieved
through 0.4mm sieve to remove large particulate material and indigenous macro-organisms present in
sediments. At the start of the test, 75ml of sediment and 150ml of test water were transferred to the test
beaker 250ml. Ten 2-9day old H.Azteca were randomly added to their respective test beakers. After
14-day of exposure, surviving amphipods were counted, isolated from the beakers with a Pastcur
pipette and placed in 70% ethanol for counting and length measurement. For each collected sediment
(including reference sediment Tri An) the percent survival of amphipods after 14-days was calculated
(sum of 4 replicates). The growth of organisms was measured for each individual and the mean (+SD)
percent of growth inhibition for each contaminated sediment was also calculated, and compared for
significant differences to the reference sediment. Dissolved oxygen, pH, temperature and conductivity
were measured in the overlying water each 2 days during the test.

3. RESULTS AND DISCUSSION
3.1 Culturing organisms
We have succeeded in establishing culturing conditions for H. azteca in CEFINEA's laboratory.
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Several factors can have effects: light, temperature, water quality, system aeration, age of organisms,
transport and feeding. A problem with one of these factors can provoke death of the culture. After
some difficulties, we managed to culture the amphipods and to obtain sufficient neonates for the
testing.

3.2 Toxicity of the tested chemicals to H. azteca

Without aeration the dissolved oxygen concentrations were in a range of 4.8 - 53mg/l. In
general, pH was reduced after 96h test and conductivity was slightly increased. For the controls,
survival is > 80% at the end of all the test. LCso= 79.4ug/L. was determined for CuCl,, which is
comparable to the effect concentrations obtained by other laboratories. The LCs obtained for K,Cr,0;
was 8.3pug/L. There LCs, obtained for diazinon and methylparathion were respectively 5.4pg/L and
L.1pg/L. H.Azteca seem to be just as sensitive or even more sensitive than other organisms like
D.magna. The comparisons show that the amphipods of CEFINEA responded with a similar sensitivity
to chemical toxicants. This demonstrated that our laboratory can perform the test consistently, and our
data are comparable to those reported by other laboratories.

3.3 Testing of sediments from HCMC

This sediment toxicity test method with H. azteca is rapid, inexpensive and does not need special
equipment. The method provides a direct measurement of the effect on organisms (e.g., mortality,
growth...), reflecting an effect of all contaminants and interactions in sediment. Results of sediment
toxicity on

H. azteca are shown in table 1. If survival rate was the only endpoint measured in the 14-days
test, all samples of HCMC were classified as toxic. When both survival and growth rates were

measured, only 1 sample (TH-LG2) reduced both rates compared to the control. No explanation could
be found for this big

Difference in sensitivity between the responses of the two endpoints.
Table 1-Sediment toxicity results for H. azteca

Samples Survival (%) Length(mm) | Tnhibition (%)
NL-TN1 12.5 3.35+0.35 1.47
NL-TN2 75 3.26+0.15 4.12
TH-LG1 2.5 3.50+0 0
TH-LG2 7.5 3.07+£0.15 9.71
TH-BN1 Not tested Not tested Not tested
TH-BN2 0 - -

TRI AN 77.5 3.40+0.19 0
TL-BCl1 10 3.06 £ 0.42 5.75
TL-BC2 ng * 3.00+0 7.69
KD-KT1 10 3.10+0.16 4.62
KD-KT2 5 3.30+£0.14 0
TRI AN 75 3.25 +0.29 0

*Notes: Starting body length of arr}phipods was 1.20mm (2-9 days old)

The amphipods H.azteca test identified that the 9 sediment samples from HCMC were toxic
with mortality varying from 87.5% to 100%. The reference sediment Tri An showing no toxicity can be
considered as being a non contaminated site. In order to compare the test response to the reference
sample Tri An, the sediments of HCMC were grouped into two categories of effect levels according to
Burton et al., 1996. Following this classification, all sediments from HCMC are in the second category
(effects greater than 50% difference from the control), and can therefore be classified as very toxic.
3.4. Relation between chemical characteristics and toxicity. :

The order in mean survival in these canal samples was the following: Tri An (76.3%)>NL-TN
(10%)>KD-KT (7.5%)>TL-BC (6.3%)>TH-LG (5%)>TH-BN (0%) - Sources of pollution: Nhieu Loc -
Thi Nghe canal shows the lowest toxicity among these 5 canal. This canal is mainly polluted by
domestic waste water and by solid waste but not by industrial waste. This shows that the toxicity
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observed in the other canals is probably mainly related to industrial pollution. They are no clear-cut
explication for the toxicity observed in the other 4 canals. They are contaminated by both industrial
(from many different industries) and domestic waste water. The sampling station TH-BN2 (in which
survival was 0%) is located close to the biggest boat factory of Vietnam, which could explain the
observed toxicity.

Classification of chemical characteristics and toxicity.

The survival of amphipods was not clearly correlated to PAH contamination. The toxicity to H.
azteca probably depends on each PAH compound and not on total PAH. The survival of amphipods
showed a slight correlation with heavy metals contamination of the sediment. We found no clear
correlation between the sediment DDT concentration and the survival.

Chemical Classification: We used the threshold effect level (TEL) for H. azteca defined by Ingerssol
et al. (1996) as parameter for ranking. The chemical concentration in the sediment of each station was
compared to these TEL values (it is noted as "1 point" if a concentration in the sediment is higher than
the TEL value and "0 point" if the concentration is Lower than the TEL value). The TEL values of
heavy metals, PAHs and metabolites for H.azteca 28-days test are reported by Ingerssol et al., 1996.
The TEL values of metabolites of DDT are reported by Environment Canada, 1999.

Biological classification was noted by % survival of H. azteca in the toxicity tests with the collected
sediment. Reference sediment Tri An is also classified in table 2.

No correlation could be established between the observed toxicity and the individual chemical
pollutants. But when comparing the total charge (by taking into consideration the number of pollutants
exceeding the threshold effect levels for H. azteca) with the observed toxicity, a correlation could be
observed, with the most polluted sites being the most toxic ones.

4. CONCLUSION

The water-only test and the sediment test with Hyalella azteca seem to be well adapted to the
needs of CEFINEA laboratory. The H.Azteca sediment test is interesting for the assessment and
classification of the sediment contamination in the HCM canals. With the aim to assess and manage
sediment quality, including dredged material in HCMC. Our data suggests that dredged-sediment
material can pose a hazard to terrestrial and aquatic ecosystems if they are used as fertilizes for the
agriculture.

PANH GIA PO POC BUN LANG KENH RACH
THANH PHO HO CHI MINH TREN BQ NUGC Hyalella Azteca

Trin Thj Mai Phuong ’, D5 Hong Lan Chi @
MPai hoc B4n cong Toén Pitc Thing
@Vién Mbi trudng va Tai nguyén — Pai hoc Quéc gia Tp. H6 Chi Minh

TOM TAT: Nghién citu nay dp dung thit nghiém djc hoc cdp tinh 14-ngay trén sinh vit
H.azteca dé ddinh gid d¢ djc cia bun ldng kénh rach tp.HCM. Thit nghi¢m djc tinh 9 mdu bin ldng
cia 5 kénh tp. HCM vdi bo boi nghiéng H.azteca cho két qud % chét ciia sinh vit tix 87.5 dén 100%.
Mdau bin kiém ching Tri An khéng dgc vdi sinh vdt thit nghiém chitng t6 & hé Tri An, bun chua bj 6
nhiém. Gid tri trung binh % séng sot ciia sinh vdt véi cdc mlu ban ldng sdp xép nhu sau: Tri An
(76.3%)>NL-TN(10%)>KD-KT(7.5%)>TL-BC(6.3%)>TH-LG(5%)>TH-BN(0%). Cdc mdu bin ldng
déu dugc xép vao logi rdt déc (dnh hudng trén 50% so vdi mdu kiém chitng — phdn logi theo Burton va
dong nghiép, 1996). Thit nghiém dgc hoc vdi sinh vat H.azteca ciia bun cho phép chiing ta ddnh gid va
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phan loai mitc dj djc ciia cdc loai bin ldng giip cho vige qudn Iy chdt lugng bin ldng va k€ cd ban
nao vét ciia kénh rach tp. HCM.
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Table 2 - Classification of chemical characteristics and toxicity.

Samples NL- NL- TH- TH- TL- TL- KD- KD- TH- | Tri An | TEL- |PEL-
TN1 TH2 LGl LGZ BCl1 BC2 KT1 KT2 BN2 HA28 | HA28
PAHs(ppb) - 1402 - 927 1221 1083 729 588 1168 | 90,71 260 3400
PYR (ppb) NA 234,8 NA 3116 | 1129 | 1163 | 154,6 | 1493 | 367,00 | 20,72 | 44 490
BAA (ppb) NA 122,6 NA 85 115,8 | 1348 68 54,8 109,2 6,94 16 280
CRY (ppb) NA 312,8 NA 1773, 1 2135 |- 2424 | 1597 | 1059 |- 233:6.| 18,72 27 410
BBF (ppb) NA 254,3 NA 113,3 | 2469 | 2356 | 106,8 82,0 140,3 | 22,28 27 160
BKF (ppb) NA 115,7 NA 44,8 2143 | 1145 38,4 33,8 55,6: 4,47 27 320
BAP (ppb) NA 118,4 NA 87,9 68,2 103,6 59,7 69,8 115,% | 5,75 32 320
DBA (ppb) NA 16,3 NA 0.7 23.7 22,6 25,8 7.6 < |2 3,56 10 28
BGP (ppb) NA 226,8 NA 97,3 22581 11341 1157 81,9 139 8,27 16 250
Cr (mg/kg) 35,49 | 46,77 | 100,54 | 32,36 14,5 32,90 | 8778 | 53,851 7035 2944 36 120
Cu (mg/kg) 5464 | 8421 | 27524 | 1847 | 26,18 | 53,75 | 69,08 | 1 12,06 | 87,43 | 26,73 28 100
Ni (mg/kg) 2454 | 40,54 | 94,54 | 29,42 | tace | 30,74 | 60,13 | 54,05 30,64 | 25,65 20 33
Pb (mg/kg) 56,78 | 86,92 | 479,16 | 27,41 | 53,53 4789 | 76,68 | 1188 | 93,21 | 25,56 37 82
Zn (mg/kg) 371,7 | 531,7 | 12109 | 132,04 | 16,65 | 322,87 | 18,77 129,55 | 260 46,55 98 540
p.p-DDE (ppb) NA 50,23 NA 9,2 5. 11 7,76 9,27 3.73 19,33 NA 1,42 6,75
p.p'-DDD (ppb) NA 35,50 NA 13,61 1,36 9,56 10,38 | 10,46 | 23,19 NA 3,54 8,51
p,p'-DDT (ppb) NA 3,3 NA 1,55 1,36 1,33 1,07 trace 4,9 NA 1,99 4,77
Total points NA 16 NA 11 10 14 12 11 16 1
Chemical.Class NC 1 NC 4 5 v 3 4 1 6
Biological.Class 6 4 2 4 5 2 5 3 1 7

NA: Not analyzed - NC: Not classified

TEL-HA?28: Threshold Effect Level for H.Azteca 28-days test (Ingersoll et al, 1996)

PEL-HA?28: Probable Effect Level for H.Azteca 28-days test (Ingersoll et al, 1996)
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