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Measured and Predicted Agquatic Life Criteria and Risk Assessment of

Chromium ( VI) in Liaohe River
WANG Xiao-nan',YAN Zhen-guang' , LIU Zheng-tao'* , ZHANG Cong’, WANG Wei-li'

(1. State Key Laboratory of Environmental Criteria and Risk Assessment, State Environmental Protection Key Laboratory of Ecological
Effects and Risk Assessment of Chemicals, Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 2. China
Offshore Environmental Services Co. , Ltd. , Tianjin 300452, China)

Abstract: In this study, toxicity data of aquatic species in Liaohe River for heavy metal chromium ( VI ) was collected and selected.
The aquatic life criteria for chromium ( VI) in Liaohe River was derived based on these toxicity data. Moreover, water samples of 25
sites in Liaohe River were collected, and the concentrations of chromium ( VI) in these samples were analyzed. Finally, ecological risk
assessment of chromium (VI ) in Liaohe River was performed. Moreover, interspecies correlation estimation method (ICE) established
by US EPA was used to predict the acute toxicity of species in Liaohe River, and aquatic life criteria based on predicted toxicity data
was derived. The results showed that: the measured CMC ( criteria maximum concentration ), measured CCC ( criteria continuous
concentration ) and the predicted CMC were 17.73, 12. 15 and 13.97 p,g-L’1 , respectively. Therefore, the ICE method could be used
to predict the aquatic life criteria, because the predicted criteria value was very similar to the measured criteria value. Analysis of
chromium ( VI ) showed that the chromium ( VI ) concentrations of the 25 sites in Liaohe River were all below Class I or Class Il water
quality standards ( GB 3838-2002) , and the water quality was in good condition. However, for the potential risk of chromium ( VI)
exposure to the aquatic life of Liaohe River, the result of ecological risk assessment showed that chromium ( VI ) concentrations in 7
sites exceeded the CCC in July, and chromium ( VI ) concentrations in 6 sites exceeded the CCC in December. Therefore,
unacceptable effect on aquatic species caused by chromium ( VI ) exposure might have occurred in some sites of Liaohe River.

Key words: chromium ( VI) ; Liaohe River; aquatic life criteria; interspecies correlation estimation (ICE) ; environmental exposure;

risk assessment
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Fig. 1 Location distribution of different sampling sites of Liaohe River
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Table 1  Measured acute toxicity data of Cr( VI) for aquatic species in Liaohe River
hes GMAV/pg 17! SMAV/pg-L7! L/ P T 4 ik
1 36. 35 32.30 AR % Simocephalus vetulus [19]
2 40. 90 e 0K 5 2% Simocephalus serrulatus [19]
3 38. 10 38.10 JK e Hydra attenuata [20]
4 42.61 22.00 7% % Daphnia hyalina [21]
5 24.20 KA F Daphnia magna [19]
6 36. 30 BTN Daphnia pulex [19]
7 61.34 [ £k 1% Daphnia carinata [22]
8 118.45 JRIRE: S Daphnia obtusa [23,24]
9 45.20 45.20 TR 80 3% Ceriodaphnia reticulata [19]
10 2241.00 2241.00 T UF Macrobrachium nipponense [25]
11 2 462. 81 2 462. 81 1F B 45| Tubifex tubifex [26]
12 3 820. 00 3820. 00 HLRE A 7K % Attheyella crassa [27]
13 7 280. 00 7 280. 00 rp A el H R Cipangopaludina cathayensis [20]
14 10 700. 00 10 700. 00 il £f1 Aristichthys nobilis [28]
15 12 095. 45 12 095. 45 Sz Z My 22 1) Lumbriculus variegatus [29, 30]
16 13 160. 00 13 160. 00 fi £ Hypophthalmichthy smolitrix [20]
17 21961.00 21961. 00 i i Oncorhynchus mykiss [20]
18 28 810. 00 28 810. 00 r ] A el 0 s Rana chensiensis [31]
19 52 986. 00 52 986. 00 B g Chironomus sp. [32]
20 60 550. 00 60 550. 00 it Monopterus albus [33]
21 169 115.35 169 115. 35 Taj £ Thymallus arcticus [34]
22 171 149. 06 171 149. 06 il £ Carassius auratus [35, 36]
23 346 700. 00 346 700. 00 il ff1 Cyprinus carpio [37]
£2 Cr(VI)WiTAkEEIMEESEHE"
Table 2 Measured chronic toxicity data of Cr( VI) for aquatic species in Liaohe River
F5 GMCV/pg-L™! SMCV/pg-L7" ACR Yy Fh W T 4
1 6.13 6.13 5.92 TRIE Daphnia pulex
2 19.90 19. 90 2.06 i TOUAI 5 3% Simocephalus serrulaius
3 39.91 39.91 1.13 T W S 33% Ceriodaphnia reticulata
4 6.13 32.30 5.27 AR A R Simocephalus vetulus
Ttk L SRR T S X T e W B SRR A B AOK T I, R TR MESh P R W SE 2 L
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223 At AT 317 8 Bl 12 AR Wy i T 7 A
AL A A A R b, B R ICE AR US
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Table 3 Predicted acute toxicity data of Cr( VI) for aquatic species in Liaohe River

75 B ARl 500 Fi BT 4 T 2 B/ g L
1 fi £fy )71 Carassius auratus 513 427. 80
2 R il Ictalurus punctatus 335 065. 68
3 i Cyprinus carpio 90 756. 24
4 T, it Oncorhynchus mykiss 47 845.37
5 KA A 7K &L Asellus aquaticus 2004. 81
6 FORE Daphnia pulex 32.02
7 M 2 3% Ceriodaphnia dubia 48.83
8 FORTE A8 TR 75 7% Simocephalus serrulatus 49. 69
9 KA % Daphnia magna 27.90

10 IR K ) R Gammarus lacustris 48.51

11 T, 5 BEERALe Chironomus plumosus 3817.28

12 e J s o4 i) =R Dugesia tigrina 16 902. 94

2.3 SIS N ] (VL) K AR A i
SR L3 WS 1 S B v B T 5 A
I Sk FAV R 35.46 pg-L™', CMC 3k 17.73
gLt H T8k B R RS R L T LR A CCC =
FAV/FACR 314 ,FACR (& 218 1) % ACR(JA]
YRl i) 20k 5108 vk P Y L) B LA S 2
N (F2), 2,92 S T K CCC R

1215 pg- L' S EITE 4 i 45 (VD) (9K A= 28 4 26 1
CMC {4 5 16.02 pg-L™', CCC f§ N 10.98

e L7 A SR 3K [ A b T A 1 3
B (VD) KA CMC fH5 CCC {H 45 36 [E B HEE L
BRI
KM L3 ANEES ﬁiﬂ]%‘fﬁﬁ?ﬁﬁ%ﬂ%&
n i B FAV {8 o 27.95 pg-L™', CMC 3 13.97
Mg'L CH TR PE RO N 2, US EPA R
ﬁ?i%‘ﬁ‘fﬁﬁ‘@%&%ﬂ@ ICE #6278, [H e, 32 SCAR X
158 P 25 1 (R AT T , o R 4 5 TUI00 14 0 4 6 v

U CMC A 5 52 CMC {H b A8 32 30T, W9 {8 AH 22
21% 22 R/ F 1 AEOR S, 0T N TEFE AT /K 0Tk o
WFFE A W AR S 22 H) 25 A — AN B N,
WA g 25 S /N AT 45 22 B g 4 SR K W ICE A
Ty 3 T A e b X6 K A 2B B o A AT N, AT 2
F ok HICE R385 4 | B 10 3% [ K AR AR ) 258 o
s OF 590 E AT I E, ﬁ%tﬂ ICE A ] 5 A
F o 3 1) 7 2 A g e v A A
2.4 JIEE (VD) IRBE AR RV
AWEFE 5 1 F 2012 457 5 12 J %359 jii 46

HEAT K RRE R A RFE AL 25 A (1) il 3 =
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L3 4. f’%ﬁﬁfyjzl [ GB 3838-2002 Hh 2 /K J5i b 1fE
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<50 p,g'L VI I 2K BT O AL 25

ASRAE RN IR T 27KOK BARERIA 14 4>, 1k 5]
1 KK B bm A7 1L A4S . 12 H A e 25 4%

R4 TWERFERME Cr(VI)WRE

Table 4 Concentrations of Cr( VI ) in different sampling sites of Liaohe River

. N W /mg-L~" . . W /mg-L~!

RAE =g ina 201207 201212 P F=t AL 01207 YIERE)
L1 [ PN 0. 006 <0.004" L14 T FF PG AL 0.015 0.011
12 LY SN 0.010 0.010 L15 ) R 0.016 0.016
13 praey 0.011 0.014 L16 Wiz 0.018 0.015
14 FKAK 7 K JEE 0.008 0. 009 L17 PN 0.007 0. 009
L5 Jtid 7 0. 008 0. 008 L18 FE AL 0. 009 <0.004
L6 L3 A 1 0. 006 0.021 L19 BER B F W 0. 007 0.009
L7 M E & K 0.007 0.016 120 S RINEE Y 0.015 0.012
L8 LKA 0.010 0.015 121 NE N /3 0.012 0.009
L9 K KA 0. 007 0. 005 122 B R M 0.014 0.008
L10 I Hr 0. 007 0. 004 123 [y 0.010 0.009
L1l JNAE T 0.007 0. 007 124 41 1 0.013 0.010
L12 = <0.004 0.012 125 BN <0. 004 <0. 004
L13 TR 0. 006 <0.004
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PR AR S (VD) W BE 22 S 38/ K BTAR 30 R 4, 1
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Z5) A4, 155 0.018 mg- L™, 5 L16 HI4fY LIS,
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L16 J2 ZR PG L) 32 I A, Ho v 2R 30 Jaf K AR 4% ( VT) vk
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Table 5 Risk quotient of Cr( VI) in different sampling sites of Liaohe River

RQ RQ
FHES AL 2012-07 2012-12 RS AL 2012-07 2012-12

Ak % 1 2 33 Ak L2 2tk T 1
LI VW KB 0.32 0.49 0.14 <0.33 L14  EFHPGIL 0.83 1.23 0. 60 0.91
12 ERKFE 0.57 0. 82 0. 54 0. 82 L15  JERIKHR 0.90 1.32 0.92 1.32
L3 HER 0.65 0.91 0.76 1.15 L16 Uiz 1.00 1.48 0.83 1.23
L4 KAk Bk 0. 47 0. 66 0.49 0.74 L17 #Bh& 0.37 0.58 0.50 0.74
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L6 LA 0.34 0. 49 1.16 1.73 L19 B B FAF 0.39 0.58 0.52 0.74
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L13  EFARI N 0.34 0. 49 0.19 <0.33
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