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Effect of simulated ocean acidification on the acute toxicity of Cu and Cd to
Tigriopus japonicus

WEI Xiaohui, MU Fanghong * , SUN Yantao, CAO Zhiquan
College of Marine Life Sciences, Ocean University of China, Qingdao 266003, China

Abstract: Heavy metals pollution in marine environments has caused great damage to marine biological and ecological
systems. Heavy metals accumulate in marine creatures, after which they are delivered to higher trophic levels of marine
organisms through the marine food chain, which causes serious harm to marine biological systems and human health.
Additionally, excess carbon dioxide in the atmosphere has caused ocean acidification. Indeed, about one third of the CO,
released into the atmosphere by anthropogenic activities since the beginning of the industrial revolution has been absorbed by
the world's oceans, which play a key role in moderating climate change. Modeling has shown that, if current trends in CO,
emissions continue, the average pH of the ocean will reach 7.8 by the end of this century, corresponding to 0.5 units below
the pre-industrial level, or a three-fold increase in H" concentration. The ocean pH has not been at this level for several
millions of years. Additionally, these changes are occurring at speeds 100 times greater than ever previously observed. As a
result, several marine species, communities and ecosystems might not have time to acclimate or adapt to these fast changes
in ocean chemistry. In addition, decreasing ocean pH has the potential to seriously affect the growth, development and
reproduction reproductive processes of marine organisms, as well as threaten normal development of the marine ecosystem.

Copepods are an important part of the meiofauna that play an important role in the marine ecosystem. Pollution of the marine
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environment can influence their growth and development, as well as the ecological processes they are involved in.
Accordingly, there is important scientific value to investigation of the response of copepods to ocean acidification and heavy
metals pollution. In the present study, we evaluated the effects of simulated future ocean acidification and the toxicological
interaction between ocean acidity and heavy metals of Cu and Cd on T. japonicus. To accomplish this, harpacticoids were
exposed to Cu and Cd concentration gradient seawater that had been equilibrated with CO, and air to reach pH 8.0, 7.7, 7.3
and 6.5 for 96 h. Survival was not significantly suppressed under single sea water acidification, and the final survival rates
were greater than 93% in both the experimental groups and the controls. The toxicity of Cu to T. japonicus was significantly
affected by sea water acidification, with the 96h LC,, decreasing by nearly threefold from 1.98 to 0.64 mg/L with decreasing
pH. The 96 h LC,, of Cd decreased with decreasing pH, but there was no significant difference in mortality among pH
treatments. The results of the present study demonstrated that the predicted future ocean acidification has the potential to
negatively affect survival of T. japonicus by exacerbating the toxicity of Cu. The calculated safe concentrations of Cu were
11.9 (pH 7.7) and 10.5 (pH 7.3) pg/L, which were below the class I value and very close to the class II level of the

China National Quality Standard for Sea Water. Overall, these results indicate that the Chinese coastal sea will face a

contamination threat from Cu with increasing ocean acidification.

Key Words: ocean acidification; copper; cadmium; Tigriopus japonicus; acute toxicity
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Table 1 pH, salinity, total alkalinity and pCO, level of different treatments at the experiment

PR BB R/ %o MABRE/ (mmol/L) TR/ (uatm)
pH Salinity Total alkalinity pCO,
X} HE4L Control 8.00(0.01) 29.0 2.036 352.74
AEFRAL 1 Treatment 1 7.72(0.02) 29.1 2.086 918.55
ALFR4 2 Treatment 2 7.34(0.03) 29.0 2.006 2372.51
A4 3 Treatment 3 6.57(0.03) 29.4 2.046 15898.40
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Table 2 Acute toxicity of Cu on T. japonicus at different pH levels
o 96h HHILHKE  95%F{F X [H] [0 75 it
Hx 96h LCs,/ Confidence limits / Regression
P (mg/L) (mg/L) equation
8.0 1.98 1.39—3.36 Y=-0.56x+1.86
7.7 1.19 0.80—1.89 Y=-0.12x+1.59
7.3 1.05 0.65—1.78 Y=-0.03x+1.36
6.5 0.64 0.44—0.87 Y=0.43x+2.20
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Fig.1 The mortality of T. japonicus exposed to different Cu

concentrations at different pH levels
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Table 3 Acute toxicity of Cd on T. japonicus at different pH levels

e SO FEOUIIE  oswmisiE  mIOE
96h LCs,/ Confidence limits/ Regression
pH (mg/L) (mg/L) equation
8.0 7.63 2.82—16.12 Y=-2.61+2.95x
7.7 7.37 5.82—9.10 Y=-2.88x+3.32
7.3 6.44 0.05—20.66 Y=-1.66x+2.05
6.5 6.31 1.42—13.27 Y=-2.04x+2.55

R |

2t

sl

FrTrer s

o
e T
L

B2 AEERE.ARpHEXHTHREREKENE
I
Fig.2 The mortality of T. japonicus exposed to different Cd

concentrations at different pH levels
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Table 4 Comparisons of the safety concentration to T. japonicus and the national marine water quality standards of heavy metals

RBIE pH 7KK 5T KK BT
—HbrifE T bR
Seawater quality Seawater quality
8 7.7 7.3 6.5 standards for standards for
Grade T Grade 1l
%M(%(E/(p,g/L) 19.8(13.9—33.6) 11.9(8.00—18.9) 10.5(6.50—17.8) 6.4(4.40—8.70) <5.0 <10.0
Concentration of Cu
R/ (pe/L
R/ (ne/1) 76.3(28.2—161.2) 73.7(58.2—91.0) 64.4(0.5—206.6) 63.1(14.2—132.7) <0.1 <5.0

Concentration of Cd
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