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Sources and Characteristics of Polycyclic Aromatic Hydrocarbons in Ambient Total
Suspended Particles in Ulaanbaatar City, Mongolia

Batdelger Byambaa', Lu Yang', Atsushi Matsuki’, Edward G. Nagato®, Khongor Gankhuyag®, Byambatseren

ChuluunpurevB, Lkhagvajargal Banzragchs, Sonomdagva Chonokhuu’, Ning Tang2 and Kazuichi Hayakawa2

'Graduate School of Natural Science and Technology, Kanazawa University
“Institute of Nature and Environmental Technology, Kanazawa University

3School of Engineering and Applied Sciences, National University of Mongolia

Abstract

A joint Mongol-Japanese research team from the National University of Mongolia and Kanazawa University
conducted the first detailed study of organic air pollutants in Ulaanbaartar city. The polycyclic aromatic
hydrocarbon (PAH) contents of airborne particulates were determined, and indicated that the degree of air

pollution varies markedly by district and season.

Background

Ulaanbaartar is often called the world’s coldest capital city because the temperature can reach —40 °C on winter
nights. The harsh climate causes each household in a ger (a traditional Mongolian house) to consume >5 t of
raw coal and 3 m’ of wood each year. The increasing population and demand for energy in Ulaanbaartar in
recent years has caused air quality to deteriorate markedly. Poor air quality poses serious threats to the health of
the inhabitants of Ulaanbaartar.

The fine particulate matter (e.g., PM2.5) mass concentration is often used as an ambient air pollution index.
PM2.5 concentrations have often been found to be even higher in Ulaanbaartar than in heavily polluted Asian
megacities. However, the PM2.5 concentration is calculated from the mass of particles and does not take into
account the toxic chemicals sorbed to or contained in the particles.

Polycyclic aromatic hydrocarbons (PAHs) are mainly produced when organic matter is imperfectly combusted
and pyrolyzed. PAHs are suspected to be largely responsible for various symptoms related to air pollution (e.g.,
allergy, asthma, cancer, and reproductive disorders),

This study was the first of its kind to be performed in Ulaanbaatar. The aim was to characterize spatial and
temporal variations in particulate-bound PAH pollution, identify the pollutant sources, and assess the health

risks posed.

Results

Suspended particle samples were collected in five districts in Ulaanbaatar during the heating and non-heating
periods of 2017. The samples were analyzed, and the concentrations of 15 PAHs with two—six benzene rings
were determined.

The highest total PAH concentration (773 ng m * in January 2017) was found in an area containing gers. The
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total PAH concentrations decreased in the order residential areas>industrial areas>city center>townhouse areas.
The mean PAH concentration in late summer was 23 times lower than the mean concentration in winter and 15
times lower than the mean concentration in spring.

Specific PAH markers indicated strong influences from coal and wood combustion, particularly in an area

containing gers in the heating season.

Implications

The results indicated that there is a direct link between high PAH concentrations in certain districts of
Ulaanbaatar and the types of fuel used. Prolonged exposure to polluted air in winter gives a high lifetime cancer
risk, indicating that there is an urgent need for dramatic mitigation measures to be implemented. The results

provide evidence for developing effective, scientifically based, air pollution control strategies.

For more details:
The article, "Sources and Characteristics of Polycyclic Aromatic Hydrocarbons in Ambient Total Suspended

Particles in Ulaanbaatar City, Mongolia" was published in International journal of environmental research and
public health at DOI: 10.3390/ijerph16030442
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FpLREZFHORK P LR LS ERRCAFEFD

EoE - BH BT R
'T920-1192 &RTIABET  &RKFR A AMBRREN KT ¥ —
T 920-1192 &RTTAMET QIRKZE LR TR
Ning Tang', Akira Toriba” and Kazuichi Hayakawa': Comparison of atmospheric polycyclic aromatic

hydrocarbons in different typical cities, China

[F L]

%5 EERILAKZE (Polycyclic Aromatic Hydrocarbon: PAH) & = b u B FEKIRILAKE
(Nitropolcyclic Aromatic Hydrocarbon: NPAH) @ W CIIEFE A AAFSERERE (JARC) 124D B h~D %
BAAERRDO ENA L ENAHT N —T 1 IZ_ Vel (BaP), B h~OEBAMRHHEEZL
NATN—T2A TR S ah)|7 v h Ty, l-=ba Ly (I-NP) & 6-= ha 27 Uk (6-NC),
B R DES MRS S A —F IBICs Uty (ChY), <V [a]7 > kTt (BaA), ~u
[b]7 /A7 25 o (BbF), [k 7 vA T w5 o (BKE), 1,6-2°= kv & L (1,6-DNP), 1,8-DNP
BN 4-NP 72 ERIE-ST LT D, KR HF PAH, NPAH XEICHR, Gk Eobmkeors
EIRBECGRY OISR BT Lo TERT 24, —&80 NPAH 1LFHED PAH 237 &7 4 AV BUG % #%
HLUTRAF CRACERTDHZE LML TWD, 260 PAH, NPAH (I RRHF THHMEER
TotE= b EOBN LT IEL VT SR, FROITR A~ ORLEES SO (PMys) B IZ%
AL TWS, E->7T, RRFDPAH, NPAH ZRIFE L, £ bORE, MR OFERARZE T
LTS Z&E, £ b~OREZEZELFTML, RRGREEKEZECLLDICEETH D,
AR T, HHOBESPEERSTESRFEORE AL AFED 3FW (ERET, RiEmh, SN
T L 72 KRFFE IR 78 (Total Suspended Particles: TSP) 122\ C, 9 fEED PAH & 12 iR
O NPAH Z 73 L CHg s A Z LIC L 0, 3HEMICHET A A 6IbEMORK[NEEN O FFE & TR
FEROENERALDIZT AT L2 AN E LT,

[E5x]

TSP DFEII VT DE T TH HEM TIT~ 72, HEH T 201081 A26 8 ~2 /8 1008 (%3F)
ETR2TH ~8HI6H (EF) (o, F#EEHTIE20108E 1 A15H ~30H (&%) L8H2H ~
178 (BEF) i, @METIE2010F3868 ~218 (&%) S8AH2H0 ~ 17A8IZ, va—RIw
LT o BT 77— RWTTSPE T v HEE N o F—H 7 A7 & — IO Lz,

PAHs (=W i, L2 (Pyr), 7457 (FR), Chr, BaA, BbF, BKF, BaP, <1 [ghi]
~Y Ly (BgPe) RO 25 /[1,2,3-¢d|E' L (IDP) 003t 9 FREHZ yffrats & L, #YEMH HPLC
FAZ X D 8T L7, NPAHs [0 Th, FFEFICRONERFENESZHT 5 1,3+, 1,6-, 1,8-DNP DT,
9.= a7y h Ty (9-NA), 3-= b 74 F 7 (3-NFR), 1-, 4-NP, 6-NC, 7-= -l
a7 v kT (7-NBaA), 1-,3-== k23 Lo (1-, 3-NPer) R TR 6-= b 2 X Y [a] B L 2 (6-NBaP)
DOFF 12 ST g s L, AEFREIKRLHPLC EIZ LD 5T L,
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[FER & ZE5]

3 ORSH PAH, NPAH O7ERIENLITAZE TIZ R (Total PAHs : 240 pmol/m®, Total NPAHs
3,100 fmol/m’) > b (Total PAHs : 61 pmol/m’, Total NPAHs : 980 fmol/m’) >#&JN (Total PAHs : 33
pmol/m’, Total NPAHs : 590 fmol/m’) DA T# ¥, BEZCTl3i#Ry (Total PAHs : 41 pmol/m”’, Total NPAH:s :
650 fmol/m’) > E# (Total PAHs: 8.0 pmol/m®, Total NPAHs: 160 fmol/m®) =#&/| (Total PAHs: 11 pmol/m’,
Total NPAHs : 150 fmol/m’) DIETH ~7-, #EBO KK T PAH, NPAH IBEITAFLEZT L iz, L
ERMOENL LY 4 EHFALLER N7, F72, PAH, NPAH O RS IRE I LKAy 72
g L@ G RIS L7 A RO &R OB KK (X2 Total PAHs: 7.0 pmol/m’, Total NPAHs: 120
fimol/m® ; B 7% : Total PAHs: 2.6 pmol/m’, Total NPAHs: 27 fmol/m’) L ¥ EiRE TH - 1=,

REH PAH, NPAH O EEREFRRLENLDL OZEMAHEET L7201, WS O0DRERSLITL
HHWEID, & 0T [BaAl/([Chrl+[BaA)ENMEE L, #Y U) CETIH0.22~055, 74 —E/LE
TUX 0.38~0.64 TH Y, [FRI[Pyr]+[FRDE/REE, F Y ) CHETIH 04, 7 4 —EALETIH 0.6
~0.7 TdH Y, [IDPI[IDP]+[BgPe]) T/ IREIL, H >/ U o BETIH021~022, 7 1 —E/NLETHE0.35
~0.70 Tk > o, BT, 3 & O KK H[BaA/([Chr]+[BaA])E /L & H T 033~0.44,
[FRY/([Pyr]+[FR])E /LI EE ERIE 0.43~0.61, [IDP)/([IDP]+[BgPe])E /L LI 0.39~0.58 TV, Wi
b HENE, $RIT « — BT o T, —0F, ARREE S ARBREE S TRAET D PAH O = hudl
BPRKECRLLECESHNTEELD R L EERAFB -~ — 4 —TH A[I-NP)/[Pyr| T/
BEHIET  —VYAE T 036, AFRA M7 TiH 0001 THY, ZOBENPKEWT0, HEEER
S TE 7 PAH RIEOMAL L 0@ BIRE S m b0 7 S A HE Uiz, KRS O 3 EH O KRR
F-NPY/[Pyr][E/VIRE L, BB TIZ0.019 (4£3F) ~0.036 (BF), FETIT0.036 (4£3F) ~0.045
(EZ), M TIE 0.052 (&F) ~0.055 (BEF) ThO, HHOLFLERWT, AHEO PAH [R+o
FARRIEIC L AMHE LR U, Wb T —ELEIE,»olz, TROLORRLY, BHEORSE, E
W& @M ORZF PAH, NPAH OFRFEAFITZEENE, HiIZ7 s —EBELETHL Z BN EN
T2, =77, {EGOAFZ[I-NPY[Pyr]E/AMRERLAMOET, FEL O/ NZhoh, BEORHERR
CLEEET A &, 2000 D 0.003 LD THERE L, 2007 FD 0013 LD HKE Ao TE T, 2001 4F
MIFO PAH BEIIE <, L VDT EAFCEBHAKRRA 7 -0 EAEOERKEICH NS THD
ZERRERBREEZ LN, L IAD, 2007 FEOFHE TIIRE T PAH BENKBL, S5
2010 4EBE DA ZRIT PAH P EE 1L 1/4 (2001 £E : 1036 pmol/m®, 2010 £E 241 pmol/m®) 1Z#0RL L TuN7=,
FOEMBAE LT, 200300 CE->FEORIRBERIC LY, TIHOMAMZER, BREREOE
WARBA 7 —O®MERERThil, SHICARBEZMADHTERIN — MR 7 ORI KA
2006 ENDLIEE D70 Y, FICAFERRDOIBYC T 5 A RIBEO HE 52 KR T 2720 OBOR 2D 7=
BRPRENEEZ N, FRRC, FEOFEIABEOHEMAER L, EETHLHHEYES
BT 2001 FLRFO 36 FH, £ LT2007 FIZ56 55, 2000FIZ 120 FRETEELE, hool
LD, EBOAFERIHR PAH, NPAH O EERARITAKEFEMmE & ESMFEORARICEL LI -
25D,

AAFFE T FREEANORBECEECK R LN R LD, BiFBRVERIZHEA T D R ERA M
WoAE T 2 8k, HEROEMOTHE# TXREF PAH, NPAH (2 K A5 RRRAFE Lz, BRL
SOVIEEEIIC L S TIEOEE TR <, RVEOBM TR -7, EBHOAFELRNT, BERREICL
STHEMTH5EBEPRKIEROTER TH -2, TF, TEBFIIGEEORBEREEZTD A2
W, BRMICKETORRBRGEECED TS, SHOBREENBFINS,
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Madoka MURATA' and Yoichiro KITANI': Immune response evaluation method using fish scale culture

Background

The body surface of fishes is covered with the vulnerable epidermal cells because of their habitat —living in
the water. The surrounding water contains a high density of microorganisms including pathogenic bacteria,
viruses and parasites. Under this situation, fishes defend themselves from those pathogens by their host-defense
system. On the fish body surface, physical and physiological host-defense system —consist of the scales and
bioactive substances— could synergically prevent the injury and the invasion of the pathogens. However, the
body surface immunity of the fishes is still unclear because of the complexed system and the species-dependent
variety of the system.

Purpose of this work

To understand the fish body surface immune system, | focus on the fish scales —one of the unique component
of the fish body surface. Fish scales have a potential as a biological materials to investigate the defense system
because a variety of cells are attaching on the scales. In addition, it is possible to obtain some tens of scales
from one fish; this point will be an advantage to increase the biological replication without any variation of the
specimen. In this research, I try to establish the fish scale culture method for understanding the fish body
surface immunity.

Optimization of fish scale culture

Goldfish (Carassius auratus) was used for this work because this fish is easy to handle and it has adequate
gene information. The fish was anesthetized using 0.03 % of MS-222, and the scales are collected. The scales
immediately transferred to the wells of the microtiter culture plate containing 500 uL of L15 medium with
antibiotics. The optimal culture condition was decided by temperature and duration as follows; scales were
cultured at 5 °C, 15 °C, 25 °C and 37 °C and the term was | day, 2 days, 4 days and 7 days. Optimal culture
condition was judged by the cell viability using XTT (N-methyl dibenzopyrazine methyl sulfate) method. In the
5 °C culture, the reaction of XTT was the lowest in each condition because of the low temperature. In the 25
and 37 °C culture, the media became turbid after 4 days culture. Based on those results, | decided that the scale
culture conditions were 15 °C for 4 days.

Immune responses by the inducers

The chemical inducer exposure trial was carried out to understand the fish scale immune responses. | used
the chemical inducers as follows; 4-Ethoxymethylene-2-Phenyl-2-Oxazoline-5-on (oxazolone, chronic
inflammation inducing reagent, 1.0 to 100 pg/mL in this work), lipopolysaccharide (LPS, the component
containing in gram-negative bacteria, 0.1 to 10 pg/mL in this work) and polyinosinic-polycytidylic acid (poly
I:C, similar to virus dsRNA, 0.1 to 10 pg/mL in this work). The preparation of scales was followed by the
method described above and cultured with chemical inducers at |5 °C for | or 3 days. The immune responses
were evaluated by the gene expression analysis using quantitative PCR instrument. The amplification of the
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PCR reaction was detected by the SYBR Green method. The immune-related genes as follows;
interleukin-1-beta (i/1b, proinflammatory cytokine), Interleukin-8 (i/8, chemokine), tumor necrosis factor alpha
(tnfa, inflammatory regulator), interferon gamma (ifng, viral infection maker), ribosomal protein S30 (rps30,
reference gene) and elongation factor I-alpha (ef!a, reference gene). The expression levels of those genes were
normalized by the expression of the internal reference genes. In the LPS treatment group, i//b expression level
was increased at I-day incubation according to LPS concentration-dependency (Table 1). The highest value

reached 16 times greater than the negative Table 1 Gene expression changes by chemical inducers
control. In the poly 1:C treatment group, ifhg .

expression was 4 times increased at |-day
incubation. The oxazolone treatment did not
cause alteration of any target gene expression.
From the facts described above, the cultured
scales showed immune responses by the
inducers and it was different by the addition of

) Arrows indicate expression change, —; <2 fold; 7; 2 fold, 77; 5
each inducer. fold, #7710 fold. Hyphen indicate the value did not detect.

Application of this assay

In the last section, the inflammatory response in culture scales was strongly induced by LPS exposure.
Therefore, | tried to apply this assay method for the screening of anti-inflammatory substances. First, |
examined that hydrocortisone (HC) could suppress the inflammatory response in this assay method.
Hydrocortisone is a well-known steroid hormone that work as an immune suppressor. 1 cultured the scales
together with 10 pg/mL of LPS and 0 to 50 pg/mL of HC at 15 °C for 1 day and 3 days. The alteration of i//h
expression was measured by the quantitative PCR method described above. At 3 day incubation, i/lb was
induced 9 times higher than the negative control. On the other hand, the addition of HC decreased the il/b to a
same expression level of the negative control. This result suggested that this method could detect
anti-inflammatory substances. Second, | searched anti-inflammatory substances from unutilized marine lives
(two of starfishes; Patiria pectinifera and Astropecten polyacanthus, one of sponge; Fusinus ferrugineus
attached sponge). The samples were disrupted by the homogenizer with 4 times volume of water. The
homogenates were centrifuged (18,000 x g, 30 min, 4 °C) and the supernatants were collected as the test
extracts. To measure the anti-inflammatory effect, the test extracts were added instead of HC in the previous
experiment. The activity was judged by the il/h expression level compared with the negative control and LPS
control. The investigation showed that the test extracts did not suppress the i/7b expression at 1-day incubation.
Subsequent 3-day incubation, P. pectinifera starfish extract slightly suppressed the i//b expression. Taken
together the results in this work, the test extracts did not show the potent anti-inflammatory activity.
Interestingly, some of the test extracts showed that the inflammation stimulation activity.

Conclusion

The cultured fish scales showed the immunological responses by the immunological inducers. This may be
possible to apply the other fish immunological studies such as irn vitro infection study and/or the molecular
marker survey. Also, 1 would suggest that this work have a possibility to the novel drug screening method

such as immune suppressor and inducer.

AREFFEL, BIRREFRHARL AT LEHEY 2 —A NBEEEHROELGRIXO—RE L UThh,
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analysis of the influence of marine pollutant on marine animals

INTRODUCTION

The development of industries in recent years has resulted in an increase in pollutant emissions. These
contaminants released by industries reach the oceans. Therefore, it is important to study the effects of
environmental pollutants on marine animals. This study focuses on the influence of pollutants on marine
animals that inhabit the Sea of Japan; since it is a closed sea, it has high risks of pollutant accumulation. In
this study, the nibbler, Girella punctate and the sea urchin, Hemicentrotus pulcherrimus were used as a marine
teleost model and invertebrate model, respectively. We investigated the influence of pollutants on bone
metabolism of nibbler fish using the fish scale culture system. The fish scale is a membranous bone, within
which osteoblasts and osteoclasts exist on the calcified bone matrix. Since these cells respond to calcium
regulating hormones, fish scales play a central role in calcium homeostasis, and act as a calcium reservoir in
many teleosts, This study discusses the establishment of culture systems for nibbler fish scales, and enzyme
assay systems for the evaluation of osteoblastic and osteoclastic activities. Additionally, the influence of
mercury on calcium homeostasis in the scales of nibbler fish was examined. The sea urchins have been
regarded by various researchers as model organisms for the evaluation of marine pollutants. We evaluated the
impact of polycyclic aromatic hydrocarbons (PAHS) on the development of sea urchin embryos. PAHs are
ubiquitous environmental contaminants and are derived from the incomplete combustion of fossil fuels. PAHs
function as carcinogens, mutagens, or endocrine disruptors in various animals. We demonstrate the influence
of benz[a]anthracene (BaA), which is a PAH, and a derivative of BaA, 4-hydroxyBaA (4-OHBaA), on the

early development of sea urchin embryos at the morphological and molecular level.

RESULTS
I.  Establishment of an osteoclastic and osteoblastic activity assay system and evaluation of the influence of
mercury using the scales of nibbler fish
First, we attempted to establish the assay system using cultured nibbler fish scales. The osteoclastic and

osteoblastic activities of the adjacent scales in the same row were measured by TRAP and ALP assay,
respectively. The adjacent scales showed highly similar TRAP and ALP activities. Next, the effects of
inorganic mercury (InHg) and methylmercury (MeHg) on TRAP activity in the cultured scales of nibbler fish
were evaluated. TRAP activity in the scales was significantly suppressed by 10 M InHg and MeHg treatment

after 6 h culture. To assess the influence of InHg and MeHg on gene expression of osteoclasts and osteoblasts,
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we performed qPCR analysis of the scales treated for 6 h with InHg and MeHg. Expression of the osteoclastic
marker, TRAP mRNA, was inhibited by InHg and MeHg treatment. However, COLIAI, an osteoblastic
marker, mMRNA was not affected by IgHg and MeHg treatment. Both mercury treatments elicited the mRNA

expression of Metallothionein which is a gene involved in the removal of metals.

II.  Influence of PAH on the early development of sea urchins

To evaluate the effect of BaA on the early development of sea urchins, we compared the morphology of
BaA-treated embryos with that of control embryos. Although no abnormalities were detected in the blastula
and prism stages, a defect in spicule length was observed in the pluteus stage. The spicule lengths of 10°* M
4-OHBaA and 107 M BaA-treated larvae were significantly shorter than that of the control larvae. Next, we
evaluated the expression of spicule formation-related mRNAs such as Hp-sm50, Hp-ets1, and Hp-alx1. The
expression of Hp-sm50 mRNA, which is a spicule matrix protein, was significantly suppressed with
4-OHBaA. Additionally, transeripts of Hp-ets1 and Hp-alx1, which are transcription factors involved in
mesoderm differentiation and spicule formation, were significantly inhibited by 4-OHBaA. BaA-treated

embryos displayed significantly decreased expression of Hp-ets| mRNA compared to control embryos.

DISCUSSIONS

In this study, we analyzed nibbler fish and sea urchins as model organisms for marine environmental
pollution. First, we established the scale culture system in nibbler fish, a marine teleost. The scales that were
removed from the same rows on the fish showed highly similar osteoclastic and osteoblastic activities.
Mercury treatment suppressed the osteoclastic enzyme activity. This influence was also confirmed by the
osteoclastic activity-associated gene expression. These results suggest that mercury affects the bone
metabolism via the suppression of osteoclasts in the scales of nibbler fish. This fish scale culture system has
already been established for goldfish. PAHs, fluorine, cadmium, and mercury have been tested using this
system. However, to date, no such assay system was available for marine teleosts. Therefore, this study
provides insight into the influence of marine pollutants on the bone metabolism of marine teleosts. Next, the
influence of PAHs on invertebrates was investigated using sea urchins as a model organism. PAHs, including
phenanthrene, fluoranthene, fluorene, pyrene, and quinolone, induce the exogastrulae of sea urchins via
disruption of the Wnt/p-catenin signal. In the present study, we showed that BaA and its metabolite,
4-OHBaA, suppressed spicule formation in pluteus larvae of sea urchins. This suppression was observed in
the 107 M BaA and 10®* M 4-OHBaA treatment. 4-OHBaA inhibited the expression of all spicule
formation-related genes that were tested in this study, whereas BaA only suppressed the expression of the
Hp-etsl gene; this indicates that 4-OHBaA is a more potent inhibitor of spicule formation in sea urchin than
BaA. Monohydroxylated PAHs (OHPAH) are metabolized by cytochrome P450 1A, and act via estrogen
receptors (ER) in mammals. However, one sea urchin species, Strongylocentrotis purpuratus, possesses no
ERs in its genomes. In addition, the existence of ER in H. pulcherrimus remains unclear. Thus, further studies

on the receptors of 4-OHBaA are required.
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